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APPLICATION NOTES 
A Low Cost Mobile Paging Encoder 


#1 IN A SERIES 


You may have considered our PE-2P two-tone sequential paging encoder 
for that customer who needs to send a single page call from their vehicle or 
remote base. The PE-2P is versatile with its DIP switch programming, and fits 
inside most mobile and base radios. But what about the customer that needs 
to signal a handful of pagers with discrete calls, but doesn’t quite need the 
capabilities of our PE-1000 desktop unit? The solution is still the PE-2P, with a 
little added circuitry! 

The Communications Specialists custom IC-110 used in the PE-2P circuit 
makes it a powerful little encoder, actually capable of up to 1024 discrete 
paging calls. Its intended configuration is for a single call, but that shouldn’t 
keep you from taking advantage of some of its full capability. Through custom 
programming of the IC-110, either at the factory or in your own shop with the 
HHP-1 Programmer, you can bring some of this capability to your customer at 
a very reasonable price. 

The PE-2PE should be programmed per the chart shown (this will be done 
for free at the factory, or you can do it in your shop if you have the HHP-1 
Programmer). The PE-2P needs to be modified by connecting the collector of 
transistor Q1 at JP-1 to pin 14 of IC-110 (or keep DIP switch #1 closed), and 
the 12 position switch (p/n 40-1020) has to be integrated into the circuit per 
diagram 1.0. At this point there is a little|bit of mechanical assembly and 
you're done! 

The whole project shouldn’t take more than an hour or so but if you 
would rather buy a turnkey unit, we can do it for $129.95 (ask for PE-12 and 
have your tones ready). 

You may have figured out that this same general assembly can be 
applied to the PE-4/PE-15 POCSAG encoders as well. Keep in mind however 
that POCSAG, being digital, has some special limitations (call us for details). 
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“USE SWITCH PART NO. 40-1020 (12 POSITION) 


YOU WILL NEED THE FOLLOWING PARTS: 


PE-2PE Encoder $ 54.95 
12 pos. switch, p/n 40-1020 4.05 
Knob for above switch, p/n 36-1003 1.90 

wicap, p/n 36-1001 nic 
Nutcover for 12 pos. switch, p/n 36-1006 .69 
Push-button start switch, p/n 40-1009 5.61 
Enclosure top/bottom, p/n 15-1001 7.50 
12 Position front dialplate, p/n 64-1010 5.00 
Rear plate w/drilled hole, p/n 64-1003 1810, 
Mounting bracket, p/n 07-1001 220 

w/2 knurled knobs, 36-1005 (2x.60) 1.20 
HHP-1 Programmer (optional) 199.95 
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Diagram 1.0 


NEW PRODUCTS 


ID-8 Automatic Morse Station Identifier 


$89.95 


Provides automatic Morse station identification for commercial, public safety, and 
amateur radio applications, including repeaters, base stations, mobiles, beacons, CW 
memory keyers, etc. Meets all FCC identification requirements. Low voltage/current 
operation and small size make it universally applicable. Low distortion, low impedance, 
adjustable sinewave output. High accuracy crystal control. All functions are 
programmable with plug-on keypad, included with each unit. Programmable options 
include: Eight selectable messages; CW speed 1-99 seconds; interval timer 1-99 
minutes; hold off timer 0-99 seconds; CW tone frequency 100-3000 Hz; front porch delay 
interval 0-9.9 seconds; CW or MCW; etc. All programming is stored in a non-volatile 
EEPROM, which may be altered at any time via the included keypad. Supplied with 
programming keypad, wire set with microminiature plug for easy installation or removal, 
both hardware and tape mounting materials, and easy to follow instructions. 


PE-15 Fifteen Call POCSAG (RPC1) Paging Encoder $99.95 


Paging encoder capable of directly sending up to 15 separate tone-only codes. Ideal for 
in-house and/or local paging systems for factories, restaurants, local trucking 
companies, security operations, or wherever direct control of local area paging is 
desired. The 15 available codes may be used to activate up to four distinct alert tones 
on each pager, 15 individual pagers, or any combination thereof. Uses world standard 
POCSAG (RPC1) signaling format for readily available and low cost sources of pagers. 
Factory programmed to your specific address codes. All programming is stored in a 
non-volatile EEPROM, which may be altered at the factory for free, or at your shop via 
an optional keypad (P/N 38-1006) that plugs into an onboard programming port. Unit is 
supplied with microminiature wire and plug set for easy installation or removal, both 
hardware and tape mounting materials, and easy to follow instructions. For other 
POCSAG paging encoders, see models PE-4 and PE-1000P (page 6). 
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Switch, p/n 40-1020 


Also Known as: PL™, DPL™, Call Guard™, Digital Call Guard™, Channel Guard™, Digital Channel Guard™ 


ENCODER-DECODERS, CTCSS, DCS 


TS-32P DIP Switch Programmable Encoder-Decoder $57.95 


Universal design provides CTCSS capability to all FM transceivers. On-board DIP switch allows 
instant programming without tone elements, counters, or other test equipment. Crystal controlled 
for high accuracy and stability. The 32 location tone memory is complete with standard EIA tones 
from 67.0 to 203.5 Hz, or may be ordered with ANY 32 custom tone frequencies between 15 - 250.0 
Hz (+0.1 Hz) at no extra charge. Multiple tone switching is easily done with your radio’s channel 
select switch or separate single pole switch. A high pass tone rejection filter is included on board 
to remove tone from received audio. Reverse polarity protection and RF immunity are built in. 
Powered by 9 - 24 vdc, unregulated at 8ma. Supplied with color-coded wires terminated to plug 
directly onto the TS-32P. Mounting materials include hardware and double sided, insulated tape. 


TS-32P-B Audible Tone Encoder-Decoder $62.95 


Same basic unit as above, custom programmed to ANY 32 tones between 250.0 - 5000.0 Hz. 


TSU-32P Plug-on Type Encoder-Decoder (for special applications) $57.95 


This unit has the same circuit as the TS-32P above, but the chassis pins extend from the bottom of 
the board. This facilitates direct plug-on to special application boards that are designed to be 
plugged right into many popular radios (see plug-in boards below). 


TS-64 Microminiature CTCSS Encoder-Decoder $64.95 


The latest - and smallest - programmable CTCSS encoder-decoder for use in FM transceivers. Ideal 
for many handheld radios and others with limited space. Select from 64 preset CTCSS tones 
between 33.0 Hz and 254.1 Hz using six PCB jumpers. Tone stability is crystal controlled with 
accuracy better than 0.05 Hz. Output level can be adjusted from OV to 3.0V. A time-out-timer feature 
permits programming transmit duration to eight different intervals decreasing “stuck mic” problems. 
Receiver High Pass filter and busy channel lockout are included. Decode sensitivity is 15mv. Power 
can be from 9.0vdc to 20.0vdc @ 9ma. Operating temperature range is from —30°C to +65°C. When 
PTT. switch is released, the TS-64 continues to key transmitter for 160ms. During this time, the TS-64 
generates a reverse phase burst which will mute the decoding unit at the other end. A 
microminiature plug and socket with color coded wires attached is provided for hookup. Comes 
with double sided tape for quick mounting. 


DCS-23 Microminiature DCS Encoder-Decoder $59.95 


A new digital tone coded squelch board that is compatible with those used in Land Mobile radios. 
Will fit inside of all mobile and most portable units. PCB jumpers make it possible to field program 
all 512 octal codes. A crystal controlled CMOS microprocessor allows low voltage operation 
between 6.0vde and 20.0vdc @ 8ma. Temperature range is from —30°C to +65°C. Sensitivity is 
better than 15mv. A signal to noise ratio of better than 4db Sinad reliably operates decoder. Easy 
hookup with external diodes for multi-code encode or decode. Automatic squelch tail elimination by 
turn off code detection. Test code to set transmitter modulation level included. All connections 
made with microminiature plug and socket with color coded wires attached. Comes with double 
sided tape for quick mounting. 


DIRECT PLUG-IN TONE BOARDS 


Aerotron 
Aerocom Six, Eight, Mpac, etc. 
Repeater Panel 


TS-32P Programmable Encoder-Decoder 
1.25”x 2.0"x.40” 


TS-64 Microminiature CTCSS Encoder-Decoder 
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DCS-23 DCS Encoder-Decoder 
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TAD 
M1520-454 Handheld 


Pace 
TS-32A Landmaster || 


TS-32F 


$65.50 


TS-32P 
67.90 


TS-64 64.95 


60PM2 Handheld 
Ferritronics 

Repeater Panel 
Genave 


Mobiline |, Il, Ill, GMT-110, 115U, etc. 


plus adapter 
General Electric 
Delta 
plus adapter 
Shared Repeater Panel 
19D402486-G1 


Holds up to four... 
MVP 


plus adapter 
Master || 
Johnson (E.F.) 
Fleetcom | 
(504, 527, 528, 550, 557, etc.) 
Fleetcom II 
plus adapter 


TSA-32 
TS-32F 


TS-32P 
01-1042 


TS-32P 
01-1032 


AP-1 
TSU-32P 
TS-32P 
01-1012 
TS-32MSTII 


TS-32J 
TS-32P 
01-1013 


PPL Series (6040, 6050, 6060, etc.) TS-32JP 


SDL (w/o PROM) 
Transcom II (See Fleetcom II) 
Ultracom II (See Fleetcom II) 
JRC Capen Radio Co.) 
JHM-4 
Motorola 
Micor 
Mitrek 
plus adapter 
Syntor 
plus adapter 


TS-32SDL 


TS-32JRC 
TS-32MCR 


01- 4026 


63.33 
67.90 


57.95 
5.00 


57.95 
2.00 


39.95 
57.95 
57.95 

2.00 
66.95 


65.50 
57.95 

1.60 
63.50 
73.79 


60.95 


66.95 
57.95 
2.00 
57.95 
5.00 


plus adapter 
Landmaster III 
plus adapter 
RCA (see TAC TEC) 
Regency 
MCP-401 / 404 Handheld 
U-Series Repeaters, BTH-201B 
UC102 
Repco 
RSM 
Ritron 
Jobcom (150 Mhz) 
Sonar 
FM-2112/ 2114 
Standard 
C790L, C890L 
GX2000U 
plus adapter 
RP70U Repeater 
(Requires 2 DCS-23’s) 
plus adapter 


01-1004 
TS-32P 
01-1014 


TSW-32 
TS-32R 
TSW-32R 
TS-32JNRC 
RTS-2P 
TS-32URC 
TSS-32 
DCS-23 
01-1017 
DCS-23 


01-1022 


734L and Other Handhelds (1 plug) TS-64 


plus adapter 
766L 


867 and other mobiles (2 plugs) 


01-1030 
TSS-32 
TSS-32 


COMMUNICATIONS SPECIALISTS, INC. 


60. 60 


60.95 


60.95 


60.95 


62.50 
59.95 


plus adapter 
TAC TEC (RCA) 
TAC-100 (RCA TACTEC) 
TAC-200 (RCA VEETAC) 
or for two-tone 
310SX (on options board) 
Telefunken 
FM15H 
Tempo 
FMH 12/15 & 40/44 
Wilson 
HH-154 & HH-454 Handhelds 
WU100R, WU151R, WU154SR 
Yaesu 
FT-207R 
FT-208/209 & 708/709 
FT-290/690 
plus adapter 
FT-726R 
plus adapter 
FTC-1525/1540 
FTC-2003 
FTC-2024/2025 
FTC-4610/4625 
plus adapter 


1 (800) 854-0547 


01-1031 6.00 


TS-32TSI-NP 63.95 
TS-32TAC-1 76.26 
TS-32TAC-2 80.92 
TS32TSIEP 57.95 


TSA-32 63.33 


TSA-32 63.33 
TSW-32 
TS-32R 


FTS-32ED 
TSY-32 
SS-32P 
01-1011 
TS-32P 
01-1018 
FTS-32ED 
FTS-32ED 
FTS-32ED 
TSY-32 
01-1019 


ENCODERS, CTCSS, (sub-audible) & BURST TONE 


SS-32PA DIP Switch Programmable CTCSS Encoder $28.95 
Pe a a i ee a ee ee 
Universal design provides CTCSS encode capability to all FM transceivers. On-board DIP switch a 
allows instant programming without tone elements, counters, or other test equipment. Crystal AbH 8607 


controlled for high accuracy and stability. The standard 32 tone memory contains the EIA tones 
from 67.0 to 203.5 Hz (or may be ordered with ANY 32 custom tone frequencies between 0 - 250.0 Hz 
at no extra charge). Multiple tone switching is easily achieved with your radio’s channel select 
switch or a separate single pole switch. 


SS-32PB DIP Switch Programmable Burst Tone Encoder $28.95 ; 6 , 
Provides an audible burst or continuous tone for accessing burst tone decoders and other special SS-32PA | SS-32PB Encoder 


applications. An on-board DIP switch allows instant programming to any one of 32 common burst OUT Oxa ae 
tone frequencies including tones between 1600 and 2550, in 50 Hz increments. If requested when 
ordering, ANY 32 tones within a range of 250.0 to 3000.0 Hz (+0.1 Hz) may be programmed into the 
memory at no extra charge. Multiple tone switching is easily achieved with your radio’s channel 
select switch or a separate single pole rotary switch. 


RB-1 Reverse Burst Sender $14.95 


Eliminates the long squelch tail heard with some reed type and other sub-tone equipment. When 
used in conjunction with decoders that offer squelch tail elimination, the RB-1 will delay the 
transmitter turn off time and reverse the phase of the modulated tone. This effectively “stops” the 
decoder and eliminates the squelch tail. _ 
RB-1 Reverse Burst Sender 


SS-32SMP Micro-Miniature CTCSS Encoder $27.95 Vinee 


Super small programmable CTCSS encoder for use in handheld radios and other size restricted 
applications. Has the same basic features as the SS-32PA (see above), but does not include the on- 
board DIP switch due to size limitations. Programming is done by soldering binary coded jumpers 
on the tone board. 


COM-SPEC 


SS-32SMP-B Micro-Miniature Continuous Audible Tone Encoder $32.95 F aia hee 


Super small programmable encoder for audible tone generation within the tone range of 250.0 to 
3000.0 Hz. May be used to perform special audible tone signaling functions from a handheld radio 
or other size restricted enclosure. Programming is done by soldering binary coded jumpers on the 
tone board, which then takes the working tone frequency from a previously specified 32 tone SS-32SMP / SS-32SMP-B Encoder 
memory. Please specify your desired tone frequencies when ordering. (Burst tone available on -93"x 1.00"x.16" 

special order.) 


TE-12PA Self-Contained 12 Tone CTCSS Encoder $89.95 


Fully enclosed CTCSS encoder provides twelve rotary switch selectable tones. Each of the twelve 
switch positions is individually programmable to any of the 32 standard EIA tones from 67.0 to 
203.5 Hz. Packaged in a high impact plastic case, with mounting bracket.and hardware supplied. 


TE-12PB Self-Contained 12 Tone Burst Encoder $89.95 


Fully enclosed Burst Tone encoder provides twelve rotary switch selectable tones. Each of the 
twelve switch positions is individually programmable to any one of 32 audible frequencies, including 525" 3.3"% 1.73" 
common burst tones from 1600 to 2550, in 50 Hz increments. Packaged in a high impact plastic . - s 
case, with mounting bracket and hardware supplied. 


TE-64 Multi-purpose CTCSS/Burst Tone Encoder $79.95 


Fully enclosed encoder provides, from a front dial rotary switch, all EIA CTCSS tones from 67.0 to 
203.5 Hz PLUS all the common burst tones from 1600 to 2550 in 50 Hz increments. All available tone 
frequencies are permanently screened onto the faceplate, and selected with a calibrated dial. Great 
for test bench or service vehicle applications. Operates on 6-30 vde, and all connections are made 
to a terminal strip at the rear of the unit. A 9 volt battery plug and cable is included, and may be 
attached at the terminal strip or soldered directly to the circuit board for field operation. Packaged 
in a high impact plastic case, with mounting bracket and hardware supplied. TE-64 Tone Encoder 


5.25"x3.3"x 1.7" 
TE-64D Multi-purpose CTCSS/Burst Tone Encoder wiDisplay $129.90 


An enhanced version of the TE-64 encoder (see above). Features a two-digit LED which displays a 
number from 01 to 32 that in turn corresponds with the CTCSS or burst frequency selected by the 
front panel rotary switch. The two-digit number displayed is cross-referenced to the tone frequency 
on a chart located on the faceplate. Perfect for mobile applications, night-time operations, or 
whenever high visibility read-out is desired. Operates on 6-16 vde (current draw does not allow 
operation from 9 volt battery). 


TE-64D-MOD Kit $49.95 64 

a er eee ee | 
Adapter kit for upgrading TE-64 to TE-64D. Available as a kit or you may return your TE-64 for free TE-64D Tone Encoder wiDisplay 
factory installation. 9.25"X3.3"X 1.7" 
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REPEATER PRODUCTS 


TP-38 Shared Repeater Tone Panel $399.00 


Microprocessor controlled repeater tone panel. The TP-38 provides all 38 EIA standard CTCSS tones 
to allow up to 38 subscribers without the need to purchase additional cards or programming. All 
features are user programmable and included with each unit. Built-in time and hit counters record 
the activity of all CTCSS tones, whether activated or not. The TP-38 is static and lightning protected, 
and draws very little current, making it practical for solar and battery powered repeater sites. A non- 
volatile memory retains programming in the event of a power loss. All necessary functions can be 
performed at the repeater site, without requiring any additional equipment. Remote access is 
possible with the addition of a low cost DT[MF decoder module (see TP-DTMF below). 


TP-DTMF Remote Access Decoder Module $59.95 


Add-on option to the TP-38 to allow offsite control. With the TP-DTMF installed, all TP-38 program 
parameters are remotely accessible with a DIMF keypad and a simplex transceiver, including the 
ability to activate or deactivate individual subscribers. Available on new TP-38’s, or easily field 
installed into existing units. 


TP-DCS Digital CTCSS Module $149.95 


Add-on option to the TP-38 allows the addition of 14 DCS subscribers, as well as 37 CTCSS 
subscribers in one TP-38. Compatible with Motorola “Digital Private Line’, General Electric “Digital 
Channel Guard”, and E.F. Johnson “Digital Call Guard”. All DCS codes between 000 and 777 octal 
are available in normal or inverted polarity. Time and hit accumulation, remote access, remote data 
retrieval and squelch tail elimination are all provided. Available on new TP-38’s, or may be factory 
retrofitted into existing units. 


TP-TOS Switch Output Module $99.95 


Add-on option to the TP-38 which provides individual discrete switch outputs for the standard 32 
EIA CTCSS tone frequencies (from 67.0 to 203.5Hz). The 32 outputs will provide either a pull to logic 
ground, logic high, or may be used to route an audio signal to another transmitter, receiver, tape 
recorder, etc. Available on new TP-38’s, or may be factory retrofitted into existing units. 


TP-DCS/TOS Combination Module $199.95 
Combines the features of both the TP-DCS and TP-TOS (see descriptions above). 


DI-16 Remote Data Interrogator for TP-38 $249.95 


Allows remote access to the TP-38 for the purpose of retrieving time and hit information, as well as 
enabling or disabling repeater subscribers. All TP-38 functions may be performed remotely with the 
DI-6 (TP-DTMF is required in TP-38). The data is displayed on a four digit LED display, plus a serial 
output port is provided for output of the data to a computer or serial printer. 


AP-1 Repeater Adapter Board $39.95 


Slide-in rack card designed for direct replacement in the General Electric Shared Repeater Panel 
(19D402486-G1), but will also adapt to any repeater. Each AP-1 card has mounting space for up to 
four TSU-32P encoder-decoders; plus up to two SS-32PA encoders may be added for separate 
encode tone applications. Individual switches for transmitter keying and LEDs to indicate decoding 
are built in. Also has provision for optional keying relay. 


ID-8 Automatic Morse Station Identifier $89.95 


Provides automatic Morse station identification for commercial, public safety, and amateur radio 
applications, including repeaters, base stations, mobiles, beacons, CW memory keyers, etc. Meets 
all FCC identification requirements. Low voltage/current operation and small size make it universally 
applicable. Low distortion, low impedance, adjustable sinewave output. High accuracy crystal 
control. All functions are programmable with plug-on keypad, included with each unit. 
Programmable options include: Eight selectable messages; CW speed 1-99 seconds; interval timer 
1-99 minutes; hold off timer 0-99 seconds; CW tone frequency 100-3000 Hz; front porch delay interval 
0-9.9 seconds; CW or MCW; etc. All programming is stored in a non-volatile EEPROM, which may be 
altered at any time via the included keypad. Supplied with programming keypad, wire set with 
microminiature plug for easy installation or removal, both hardware and tape mounting materials, 
and easy to follow instructions. 
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PAGING ENCODERS 


PE-1000A Desk-top Paging Encoder, Two-Tone $224.95 


Two-tone sequential desktop model paging encoder. The PE-1000A includes all the paging tones in 
Motorola groups 1 through 6, Motorola A, B, and Z, plus General Electric groups A, B, and C. The 
desired tone groups, as well as a substantial list of features are accessible by the field service 
technician from the front panel keyboard. This allows the PE-1000 to be customized to fit the 
specific application. All features are field programmable and included in every unit. A non-volatile 
memory retains the programming if a power loss occurs. For a 19” rack mounted version of the 
PE-1000A use part no. PEA000RM-A, priced at $324.95. 


PE-1000B Desk-top Paging Encoder, Five Tone $249.95 


All the same features as the PE-1000A (above), but in Five-tone sequential format. Compatible with 
all 5-6 tone paging groups including EIA, ZVEII, CCIR/EEA, CCIT, EURO. For a 19” rack mounted 
version of the PE-1000B, use part no. PE-000RM-B, priced at $349.95. 


PE-1000C Desk-top Paging Encoder, REACH™ $249.95 


All the same features as the PE-1000A (see above), but in REACH™two-tone sequential format. 
Compatible with all REACH™ paging systems. As with all PE-1000 models, all options and features 
are field accessible from the front panel keyboard. For a 19” rack mounted version of the PE-1000C, 
use part no. PE-000RM-C, priced at $349.95. 


PE-1000D Desk-top Paging Encoder, Custom Tones $249.95 


All the same features as the basic PE-1000A (see above), but with customer specified tone 
frequencies. When ordering, please specify the tone frequencies desired, and the group positions 
you would like them located in. For a 19” rack mounted version of the PE-1000D, use part no. 
PE-1000RM-D, priced at $349.95. 


PE-1000P Desk-top POCSAG (RPC1) Paging Encoder $324.95 


All the same features as the PE-1000A (see above), but with (RPC1) POCSAG format. This is now the 
United Nations accepted standard and is widely used in Europe and throughout the world. The 
PE-1000P is capable of all numeric RPC1 codes. For a 19” rack mounted version of the PE-1000P, use 
part no. PE-1000RM-P, priced at $424.95. 


RC-1 DTMF Remote Controller for PE-1000 $49.95 


Allows remote access to any PE-1000 model via DIMF audio. Installs inside PE-1000. May be 
installed when you order your PE-1000, or may be added later. 


PE-2P Two-Tone Sequential Encoder $54.95 


Single call two-tone sequential encoder designed for installation inside the radio or other 
enclosures. Tone A and tone B are each DIP switch programmable from a memory base of 32 tones, 
specified when ordering. One unit is capable of any call in a 1000 call system. Excellent for use as 
a mobile paging encoder or, when teamed with our SD-1000 decoder, as the encoder for function 
calls. May be modified to send multiple calls. Comes complete with color coded push-on wires and 
full instructions. 

When ordering, please specify one of the following: 

PE-2PA, all tones in Motorola groups 1, 2 & 3. 

PE-2PB, all tones in Motorola groups 4, 5 & 6. 

PE-2PC, all tones in Motorola groups A, B & Z. 

PE-2PD, all tones in GE groups A, B & C. 

PE-2PE, any 32 tones or combination of groups. (Please give tones when ordering) 

PE-12, 12 Call Mobile Paging Encoder - $129.95 (See page 2) 


NEW! 


PE-4/PE-15 Multi-Call POCSAG (RPC1) Paging Encoders $99.95 


Send up to 4 separate tone and numeric messages, or up to 15 separate tone-only codes. Ideal for 
in-house and/or local paging systems for factories, restaurants, local trucking companies, security 
operations, or wherever direct control of local area paging is desired. PE-4 will send tone only, or 
tone and 10 digit code; PE-15 will send 15 separate codes which may be used to activate up to four 
distinct alert tones on each pager, 15 individual pagers, or any combination thereof. Both units use 
world standard POCSAG (RPC1) signaling format for readily available and low cost sources of 
pagers. Factory programmed to your specific address codes. All programming is stored in a non- 
volatile EEPROM, which may be altered at the factory for free, or at your shop via an optional 
keypad (P/N 38-1006) that plugs into an onboard programming port. Each unit is supplied with 
microminiature wire and plug set for easy installation or removal, both hardware and tape mounting 
materials, and easy to follow instructions. See also PE-1000P POCSAG paging encoder on this page. 


(o>) 


PE-1000 Paging Encoder 
Te TT PATE 


PE-Q00RM Paging Encoder 
AQIOX3- Dexa 0L 


RC-1 Remote Controller for PE-1000 
Fits inside PE-1000 


gieeioDy @ © 
_ NOCENT 


PE-2P Two-Tone Sequential Encoder 
HeP2sy AON eA? 


& 
bd 
LZ 
“ 
ba 
NG 
wy 
* 
bad 
LZ 


we ey 


® 


: SY MC68HCTOSC8F 
9CIIC 
QEBX9039 


wee 


PE-4/PE15 Multi-Call POCSAG Paging Encoders 
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TWO-TONE SEQUENTIAL AND DTMF DECODERS 


SD-1000 Two-tone Sequential Decoder 


Two-tone sequential decoder designed for installation inside the radio or other enclosure. Tone A 
and tone B are each DIP switch programmable from a memory base of 32 tones, specified when 
ordering. One unit is capable of any call in a 1000 call paging system as well as group calls. 

Three switched outputs are available simultaneously: #1 - Latched squelch output, high or low; 

#2 - Latched call light output; #3 - Momentary horn switch output. May also be ordered to encode a 
CTCSS tone while decoding two-tone sequential. Comes complete with color coded push-on wires 


and full instructions. 

When ordering, please specify one of the following: 
SD-1000A, all tones in Motorola groups, 1, 2, & 3. 
S$D-1000B, all tones in Motorola groups, 4, 5, & 6. 
S$D-1000C, all tones in Motorola groups, A B, & Z. 
SD-1000D, all tones in GE groups, A, B, & C. 


SD-1000E, any 32 tones or combination of groups. (Please give tones when ordering) 


DTD-1 DTMF Decoder 


Single call, single function DTMF decoder. Designed to provide small, high quality, low cost DIMF 
function decoding. May be programmed with wire jumpers to decode any of 5,040 four digit calls, 
providing a latched or momentary open collector output. Operates exceptionally well in bad signal- 
to-noise environments. Complete with color coded push-on installation wires and full instructions. 


ACCESSORIES 


$59.95 
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S$D-1000 Two-Tone Sequential Decoder 
1 ay PO 


$59.95 


DTD-1 DTMF Decoder 
1.25”x 2.07x.4” 


HHP-1 Handheld Programmer for 1C-110 Microcircuit 


Portable programmer allows the service shop technician to customize the tone frequencies in the 32 
memory locations in our special IC-110 microcircuit. The IC-110 is used in several of our tone 
products, and contains a 32 tone memory which is accessed with binary coded DIP switches 


$199.95 


mounted on the tone board. The HHP-1 Programmer enhances the versatility of these tone products 
by allowing the technician to change the 32 memory tones. Any CTCSS tone from 15 to 250.0 Hz, or 
any audible tone from 250.0 to 3000.0 Hz may be programmed into the IC-110, depending on which 

reference crystal is used in the subject tone board. The tone memory in the IC-110 is changeable, so 


if you change your mind on the tone frequency, you can easily change the memory again. The 
HHP-1 is supplied with a nine volt battery for field use, but also has a jack for an external power 
source. An audio jack on the unit allows connection to an oscillc'scope or frequency counter. 


AR-12 Twelve Tone Adapter Board $19.95 


Multi-tone adapter board for use with TS-32P encoder-decoder and SS-32P 


encoder. Provides mounting space for tone board and diode networks to 
allow multi-tone switching of up to twelve tones. Frequencies are selected 
with a single pole, multiple position switch (not supplied). Included in kit 
are all diodes, resistors and PCB needed for up to 12 tones. Complete unit 
measures 3.63”x 2.0"x.5” 


BS-1 33 Position Binary Switch w/Knob $20.95 


Rotary switch allows single dial access to all 32 EIA tones, plus an off 
position if voltage lead is routed through switch. Supplied with knob, 
nutcover, and stick-on label. 


BXK-1 Box and Switch Kit $33.95 


Enclosure kit includes a high impact plastic case (top, bottom, front and 


back) which measures 5.25”"x3.3”x 1.7”, plus mounting hardware, and a 33 
position binary switch and knob. Will separately house many of our tone 
signaling products. 


Five Line DIP Switch, p/n 40-1005 $2.45 


Supplemental DIP switch for remote programming of five line binary 
coded programmable products. 


COMMUNICATIONS SPECIALISTS, INC. 


HHP Handheld Programmer for IC-110 


HP-1B High Pass Filter $9.95 
Active filter attenuates frequencies below 300 Hz. Powered by 

6-15vdc @ .8ma. 

PS-1 Base Power Supply $5.00 


Provides 12vdc at 50ma from a +200vdc source. Used in older tube type 
radios to provide a power source for modern accessories. 


Programming Keypad, p/n 38-1006 $24.72 
For field programming of PE-4 and PE-15 POCSAG encoders. 
RC-6X12 Ribbon Cable $ .50 


Twelve inch strip of six conductor cable for remoting five position DIP 
switch. 


VA-1 Varactor Assembly $3.00 


Varactor modulator assembly for adding tone directly to transmitter 
crystal. For older tube type radios that were not designed to use tone 
signaling. 


1 (800) 854-0547 ve 


PRICE LIST (Service Station Net) 


Direct plug-in tone products are shown and priced on page 3 by name of manufacturer and radio model. 


In Alphabetical Order 


AP-1 

BS-1 

BXK-1 

DCS-23 

DI-16 

DTD-1 

HHP-1 

HP-1B 

ID-8 
PE-1000A 
PE-1000B,C,D 
PE-1000P 
PE-1000RM-A 
PE-1000RM-B,C,D 
PE-1000RM-P 
PE-2PA,B,C,D,E 
PE-4/PE-15 
PE-12 

RB-1 

RC-1 
SD-1000A,B,C,D,E 
SS-32PA,B 
SS-32SMP 
SS-32SMP-B 
TE-12PA,B 
TE-64 

TE-64D 
TE-64D-MOD 
TP-DCS 
TP-DCS/TOS 
TP-DTMF 
TP-TOS 

TP-38 

TS-32P 

TS-64 
TSU-32P 
38-1006 


Description 


Four-tone Repeater Board, GE 

33 Position Binary Switch w/Knob 
Box and Switch Kit 

Microminiature DCS Encoder-Decoder 
Data Interrogator for TP-38 

Single Function DTMF Decoder 
Handheld Memory Programmer, IC-110 
Miniature High Pass Filter 

Morse Code Identifier 

Paging Encoder, Motorola/GE Tones 
Paging Encoder, Misc. Formats 
Paging Encoder, POCSAG (RPC1) 
Rack Mount Paging Encoder 

Rack Mount Paging Encoder 

Rack Mount Paging Encoder, POCSAG 
Two-tone Sequential Encoder 
Miniature POCSAG Paging Encoders 
12 Call Mobile Paging Encoder 
Reverse Burst Sender 

DTMF Remote Controller 

Two-tone Sequential Decoder 
Miniature Encoder, CTCSS or Burst 
Micro-miniature CTCSS Encoder 
Micro-miniature Audible Encoder 
Twelve Tone Encoder, Enclosed 
Multi-tone Bench Encoder 

TE-64 with LED Display 

LED Modification Kit for TE-64 

DCS Module for TP-38 

Combination Module 

Remote Access Module for TP-38 
Tone Switch Module for TP-38 

Shared Repeater Tone Panel 
Programmable CTCSS Encoder-Decoder 


Microminiature CTCSS Encoder-Decoder 


Encoder-Decoder, Universal Plug-on 
Programming Keypad 


Consult with factory for larger quantity pricing. 
Full One Year Warranty on all products when returned to the factory for repair. 
We are continually updating our product line of direct plug-in tone boards and detailed application notes. 


Please contact the factory for the most recent additions to our product line. 


1-9 


$ 39.95 
20.95 
33.95 
59.95 

249.95 
59.95 
199.95 
9.95 
89.95 
224.95 
249.95 
324.95 
324.95 
349.95 
424.95 
54.95 
99.95 
129.95 
14.95 
49.95 
59.95 
28.95 
27.99 
32.95 
89.95 
79.95 
129.90 
49.95 
149.95 
199/95 
59.95 
99.95 
399.00 
97.95 
64.95 
Df.80 
24.72 


COMMUNICATIONS SPECIALISTS, INC. 


MY 426 WEST TAFT AVENUE ¢ ORANGE, CA 92665- 4296 
(714) 998-3021 © FAX (714) 974-3420 
Entire U.S.A. (800) 854-0547 © FAX (800) 850-0547 


50-99 


$ 33.96 
17.81 
28.86 
53.96 

212.46 


10-24 


$ 37.95 
19.90 
32.25 
58.45 

237.45 


25-49 


$ 35.96 
18.85 
30.55 
56.95 

224.95 
58.45 56.95 53.96 50.96 

189.95 179.95 169.96 159.96 

9.45 8.95 8.46 7.96 
85.45 80.95 76.46 71.96 

213.70 202.45 191.21 179.96 

237.45 224.95 212.46 199.96 

308.70 292.45 276.21 259.96 

308.70 292.45 276.21 259.96 

332.45 314.95 297.46 279.96 

403.70 382.45 361.21 339.96 

53.58 52.20 49.95 46.71 
94.95 89.95 84.96 79.96 
126.70 123.45 116.95 110.46 
14.20 13.46 12:04 11.96 
47.45 44.95 42.46 39.96 
58.45 56.95 53.96 50.96 
27.50 26.05 24.61 23.16 
26.55 25.15 23.76 22.36 
31.30 29.65 28.01 26.36 
85.45 80.96 76.46 71.96 
75.95 71.96 67.96 63.96 
123.40 116.91 110.41 103.92 
48.70 47.45 44.95 42.46 
142.45 134.95 127.46 119.96 
189.95 179.95 169.96 159.96 
58.45 56.95 53.96 50.96 
94.95 89.95 84.96 79.96 
399.00 399.00 399.00 399.00 
56.50 55.05 52.16 49.26 
61.70 58.45 59.21 51.96 
56.50 55.05 52.16 49.26 
24.72 24.72 24.72 24.72 


100-up 


$ 31.96 
16.76 
27.16 
50.96 

199.96 


MasterCard |) 


“PL” is a registered trademark of Motorola, Inc. 

“DPL” is a registered trademark of Motorola, Inc. 

“Call Guard” is a registered trademark of E.F. Johnson Co. 

“Digital Call Guard” is a registered trademark of E.F. Johnson Co. 
“Channel Guard” is a registered trademark of General Electric Co. 
“Digital Channel Guard” is a registered trademark of General Electric Co. 
“REACH” is a registered trademark of Reach Corporation. 
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SECTION | SPECIFICATIONS 


GENERAL 


Numbers of semi-conductors 


Frequency coverage 


Frequency resolution 


Frequency Control 
Usable conditions 


Frequency stability 
Antenna impedance 
Power supply requirement 
Current drain 


Dimensions 
Weight 


TRANSMITTER 


Output power 

Emission mode 
Modulation system 

Max. frequency deviation 
Spurious emission 
Microphone 


Operating mode 
Tone Burst 


RECEIVER 

Receiving system 
Modulation acceptance 
Intermediate frequency 


Sensitivity 


Squelch sensitivity 


Spurious response rejection ratio: 


Selectivity 


Audio output power 
Audio output impedance 


Transistor 33 (IC-24G: 34) 

elaif 6 

IC 10 (IC-24G: 12) 

Diode 42 (IC-24G: 44) 

IC-22U 144.000 ~ 147.995MHz 
IC-24E 144.000 ~ 145.995MHz 
IC-24G 144.000 ~ 145.9875MHz 


10KHz steps (IC-24G: 25KHz steps) 

+5KHz shifts with SHIFT switch depressed 
(IC-24G: +12.5KHz shifts) 

Thumbwheel switched digital PLL synthesizer 
Temperature: —10°C ~ 60°C (14°F ~ 140°F) 
Operationable time: continuous 

Within +1.5KHz 

50 ohms unbalanced 

13.8V DC +15% (negative ground) 2.5A Max. 
Transmitting 


HIGH (10W) Approx. 2.3A 

LOW (1W) Approx. 0.9A 
Receiving 

At max audio output Approx.0.5A 

Squelched Approx. 0.3A 


156mm (W) x 58mm (H) x 218mm (D) 
Approx. 1.7kg 


10W (HIGH), 1W (LOW) 

16F3 

Variable reactance frequency modulation 

+5KHz 

More than 60dB below carrier 

1.3K ohm dynamic microphone with built-in preamplifier and 
push-to-talk switch 

Simplex, Duplex (600K Hz from receive frequency) 

1750Hz +0.1Hz (IC-22U: Not installed) 


Double-conversion superheterodyne 
16F3 

Ist: 16.9MHz 

2nd: 455KHz 

More than 30dB S+N+D/N+D at 1uV 
Less than 0.6uV for 20dB Noise quieting 
Less than 0.4uV 

More than 60dB 

More than +7.5KHz at —6dB point 
Less than +15K Hz at —60dB point 
More than 1.5W at 10% distortion 

8 ohms 


SECTION II DESCRIPTION 


This transceiver is a thumbwheel switched PLL synthesizer transceiver and is extremely rugged 
and completely solid state. State of the art devices such as Integrated Circuits, Field Effect Tran- 
sistors, etc., and advanced PLL (Phase-Locked-Loop) technology are engineered into a tight-knit 
straightforward electronic design throughout both transmitter and receiver. Reliability, low 
current demand, excellent performance and ease of operation are the net result. 


The RF amplifier and first mixer circuits using MOS FET’s, and high-O helical cavity resonators 
provide excellent Cross Modulation and Two-Signal Selectivity characteristics. The 1C-22U/24E/ 
24G has excellent sensitivity demanded especially for mobile operation, PLL controlled first and 
crystal controlled second local oscillators produce excellent stability, and with Crystal and Ceramic 
Filters having high shape factors, exceptional selectivity. 


The transmitter section will produce a minimum of 10 Watts RF output. Again, a Phase-Locked- 
Loop is employed for initial frequency stability. 800 channels (1C-24E: 400, IC-24G: 160 channels) 
and various Duplex capabilities are provided for operating convenience and versatility. High-Q 
stages provide minimum interstage spurious emission. A low-pass filter is placed at the output to 
further insure undesirable frequency products not being emitted. Final PA transistor protection 
circuit is incorporated in the final circuitry. A new design heatsink is employed to increase final 
amplifier reliability. 
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SECTION II! INSTALLATION 


UNPACKING 


Carefully remove your transceiver from the packing carton and examine it for signs of shipping 
damage. Should any be apparent, notify the delivering carrier or dealer immediately, stating the 
full extent of the damage. It is recommended you keep the shipping cartons. In the event storage, 
moving, or reshipment becomes necessary, they come in handy. Accessory hardware, cables, etc., 
are packed with the transceiver. Make sure you have not overlooked anything. 
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LOCATION 


Where you place the transceiver in your automobile is not critical and should be governed by 
convenience and accessibility. Since the unit is so compact, many mobile possibilities present 
themselves. In general, the mobile mounting bracket will provide you with some guide as to 
placement. Any place where it can be mounted with metal screws, bolts, or pop-rivets will work. 
For fixed station use, a power supply should be designed to produce 3 amps for the transceiver. 


Mounting bracket installation Transceiver installation 


Mounting screw’s nut 
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Angle adjustment Optional installation 


POWER REQUIREMENTS 


The transceiver is supplied ready to operate from any regulated 13.8V DC, 3 ampere negative 
ground source. An automobile 12 volt, negative ground, system is usually more than adequate. 
Some note must be taken, however, of the condition of the vehicle's electrical system. Items such 
as low battery, worn generator/alternator, poor voltage regulator, etc., will impair operation of 
your transceiver as well as the vehicle. High noise generation or low voltage delivery can be traced 
to these deficiencies. If an AC power supply is used with your transceiver, make certain it is 
adequately regulated for both voltage and current. Low voltage while under load will not produce 
satisfactory results from your transceiver. Receiver gain and transmitter output will be greatly 
impaired. Caution against catastrophic failure of the power supply should be observed. 


Included with your transceiver is a DC power cable with plug attached. The Red Wire is positive 
(+), the Black, negative (—). If your mobile installation permits, it is best to connect these directly 
to the battery terminals. This arrangement eliminates random noise and transient spikes some- 
times found springing from automotive accessory wiring. If such an arrangement is not possible, 
then any convenient B+ lead in the interior of the vehicle and the negative frame can be utilized. 
Remember, the unit operates on a negative ground system only; it cannot be used in a positive 
ground automobile. After making your connections, simply insert the plug into your transceiver. 


Cable connections Fuse (5A) 


Fuse (5A) 


Power Supply 
Power plug 


1C-22U/24E/24G 


Antenna feeder AC pl 
plug 


Speaker plug External Speaker (8 ohms) 


ANTENNA 


The most important single item that will influence the performance of any communication system 
is the antenna. For that reason, a good, high-quality, gain antenna of 50 ohms impedance is 
recommended, fixed or mobile. In VHF as well as the low bands, every watt of ERP makes some 
difference. Therefore, 10 watts average output plus 3dB of gain antenna equals 20 watts ERP, 
presuming low VSWR of course. The few more dollars invested in a gain type antenna is well 
worth it. When adjusting your antenna, whether mobile or fixed, by all means follow the manu- 
facturer’s instructions. There are some pitfalls to be aware of. For example, do not attempt to 
adjust an antenna for lowest VSWR when using a diode VSWR meter not engineered for VHF 
applications. Such readings will invariably have an error of 40% or more. Instead, use an in line 
watt meter similar to the Drake WV-4, Bird Model 43 or Sierra Model 164B with VHF cartridge. 
Further, when adjusting a mobile antenna, do so with the motor running preferably above normal 
idling speed. This will insure proper voltage level to the transceiver. 


The RF coaxial connector on the rear chassis mates with a standard PL-259 connector. Some 
models may have metric threads. In any event, the RF connector will mate with almost any 
PL-259 connector if care is taken to seat them properly. 


MICROPHONE 


A high quality dynamic microphone with built-in preamplifier is supplied with your transceiver. 
Merely plug it into the proper receptacle on the front panel. Should you wish to use a different 
microphone, make certain it has a proper preamplifier. Particular care should be excercised in 
wiring also, as the internal electric switching system is dependent upon it. See the schematic for 
the proper hook up. 


Microphone plug exploded view Microphone connection 
8 v | 10K | | y 
6) @ @/ 


___ BLACK 
RED 


EXTERNAL SPEAKER 


An external speaker jack and plug is supplied with your unit in the event another speaker is 
desirable. The external speaker impedance should be 8 ohms, and. when used, will disable the 
internal speaker. An 8 ohm headset can be utilized as well. 


SECTION IV CONTROL FUNCTIONS 


FRONT PANEL 


@Q10KHz DIGIT THUMBWHEEL 
SWITCH 

@100KHz DIGIT 
THUMBWHEEL SWITCH 

®1MHz DIGIT 
THUMBWHEEL 
SWITCH 


(TRANSMIT INDICATOR 


(RECEIVE INDICATOR 


Q OFFSET SWITCH 


ou 
@]., (0) DUPLEX MODE 


6 9 4 SELECT SWITCH 


i 
zk & & : SQL 4 VVOL i 
Pon | 


. s es ee egies. . Ps a { 
mYONE LOW +SHIFT : 4 ma / 
see Be . ICO} 7 A : a $ —- 
I YHE FM TRAIISCEIVER 
Lae ABS K i | 
: ; ; 


(MIC 
CONNECTOR 


@TONE CALL SWITCH 
©RF POWER SWITCH 


©FREQUENCY SHIFT SWITCH 


®VOLUME CONTROL 
and POWER SWITCH 


@SQUELCH CONTROL 
(METER 


1. 1MHz THUMBWHEEL SWITCH 
Sets 1MHz digit of the desired operating frequency. When you set a digit of a frequency that 
is out of the band, the set will work as follows: 


Digit BY Actual Working frequency band 
IC-22U batts IC-24E/24G 
144MHz 144MHz 
145 145 


f 


146 144 

147 = 145 

4 144 a 144 

5 145 145 

6 146 ft ee 144 

7 147 145 

8 144 144 
Ree: | 145 145 


Push the ® button to increase the digit, and the © button to decrease. 


2. 100KHz THUMBWHEEL SWITCH 


Sets 100KHz digit of the desired operating frequency. 


3. 10KHz THUMBWHEEL SWITCH 


Sets 10K Hz digit of the desired operating frequency. 
NOTE: IC-24G indicates the operating channel number with @) and (3) thumbwheel switches. 
(Refer to page 18.) 


10. 


ULE 


12: 


13. 


14. 


. TONE CALL SWITCH 


Most repeaters require a 1750Hz Tone-burst for initial access. Depressing the Tone Call Switch 
for the required period for a repeater, puts the set in the transmit mode and the tone burst 
generator actuates and you can access the repeater. 


When the Tone Call unit is not installed, this switch can be used for a momentary transmit 
switch. 


RF POWER 

This switch is a push-lock type switch which controls the RF output power. When the switch 
pushed in and locked, the RF output power is reduced to 1 watt. When the switch is pushed 
again and released, the RF output power returns to 10 watts. 


FREQUENCY SHIFT SWITCH 

When the desired operating frequency has a 5K Hz digit, set this switch to the in position, and 
add 5KHz to the indicated frequency on the thumbwheel switches. 

(IC-24G: This switch shifts 12.5KHz, i.e., exact middle point to the next upper channel of the 
indicated channel.) 


SQUELCH CONTROL 
Sets the squelch threshold level. To turn OFF the squelch function, rotate this control com- 
pletely counterclockwise. To set the threshold level higher, rotate the control clockwise. 


VOLUME CONTROL and POWER SWITCH 

When the control is turned completely counterclockwise, the power is OFF. By turning the 
control clockwise beyond the “click’’, the unit is turned ON and the audio level increases by 
further rotating it clockwise. 


OFFSET SWITCH 
Selects Duplex or Simplex operation, and sets the transmitting frequency (or receiving fre- 
quency) 600K Hz above or GOOK Hz below the indicated frequency for Duplex operation. 


DUPLEX MODE SELECT SWITCH 
Selects whether the transmitting frequency is offset (+600KHz or —600KHz) or the receiving 
frequency is offset from the displayed frequency. 


MIC CONNECTOR 
Connect the supplied microphone to this jack. If you wish to use a different microphone, 
refer to the drawing on page 5. 


METER 
The numbers on the S-meter represent S1 through S9 and 20 and 60dB over S9. The RF 


output level meter functions only as a relative output meter and does not indicate the wattage. 


These functions are switched automatically when T/R switching is made. 


RECEIVE INDICATOR 
IIluminates when the squelch is opened in the receive mode. 


TRANSMIT INDICATOR 
Illuminates in the transmit mode. 


REAR PANEL 


15. 


16. 


Wee 


18. 


iS ANTENNA CONNECTOR 
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1) POWER SOCKET 
@EXTERNAL SPEAKER JACK 


ANTENNA CONNECTOR 
This is used to connect the antenna to the set. Its impedance is 50 ohms and connects with a 
PL-259 connector. 


POWER SOCKET 
Connect the supplied power cord to this socket. 


EXTERNAL SPEAKER JACK 
When an external speaker is used, connect it to this jack. Use a speaker with an impedance of 
8 ohms. When the external speaker is connected the built-in speaker does not function. 


ACCESSORY SOCKET 
This terminal is available for your personal use, such as for adding accessory circuits, etc., if 
desired. 


SECTION V OPERATION 


INITIAL PREPARATION 


Make sure the VOLUME Control and POWER Switch is in the OFF position, then connect the 
power supply cord to the power connector. The red lead should be connected to the positive 
terminal of the power source and the black lead to the negative terminal. In the event that these 
leads are improperly connected, the transceiver will not function. Reversing polarity will blow out 
the fuse in the power supply cord due to actuation of the protection circuit. 


Connect the microphone to the MIC Connector. 


Connect the antenna to the Antenna Connector. Make sure the coax line is of the correct imped- 
ance (50 ohms) and is neither shorted nor open. 


RECEIVING 


Set the controls and switches as follows: 


@SQUELCH CONTROL Completely counterclockwise 
(8) VOLUME CONTROL Completely counterclockwise 
@ OFFSET SWITCH SIMP 


@~ 3) THUMBWHEEL SWITCHES and © FREQUENCY SHIFT SWITCH Desired frequency 
(Others may be at any position or setting.) 


Turn the (8) VOL control clockwise (it will ‘‘click’’ ON) and the meter will illuminate. 
Turn the VOL control clockwise to a comfortable audio level. 


If no signal can be heard but only noise, turn the (7)SQL control clockwise until the noise from the 
speaker stops and set it just below this threshold. (When adjusting the SQL setting, if some com- 
munication signals can be heard, turn the thumbwheel switch either direction and set it where only 
noise can be heard.) Your transceiver will now remain silent until an in-coming signal is received 
which opens the squelch. If the squelch is unstable due to the reception of weak or mobile stations, 
adjust the squelch control further until the proper threshold is obtained. 


TRANSMITTING 


Set the controls and switches as follows: 


@OFFSET SWITCH (see below) 
i?) DUPLEX MODE SELECT SWITCH (see below) 
RF POWER SWITCH HIGH 


@~@)THUMBWHEEL SWITCHES and ©) FREQUENCY SHIFT SWITCH Desired frequency 


For simplex operation, set Q)OFFSET SWITCH at the SIMP position, making 10DUPLEX MODE 
SELECT SWITCH nonfunctional. 


For repeater operation, set (QXOFFSET switch and 10DUPLEX MODE SELECT SWITCH accord- 
ing to repeater’s input/output frequencies. 


Spe 


The relationship of the OFFSET switch and DUPLEX MODE SELECT switch is as follows: 


eee eae SWiteH | RECEIVE FREQUENCY | TRANSMIT FREQUENCY 
DUP 1 +600 (Set frequency) +600KHz Set frequency 
DUP 1 —600 (Set frequency) —600KHz Set frequency 
DUPF2 | +600 Set frequency (Set frequency) +600KHz 


(Set frequency) —600KHz | 
Set frequency | 


600 Set frequency 


IC-24G’s FREQUENCY SHIFT switch acts in the SIMPLEX mode and +600KHz DU- 
PLEX mode only. 


NOTE: 


If the lower output power (1W) is sufficient, set ©) RF POWER Switch to the LOW (in) position. 


Depress the PTT (push to talk) Switch on the microphone and the transceiver will transmit. At 
the same time the TRANSMIT indicator will be illuminated red and the meter will provide an 
indication of relative power output of the transmitter. Speak into the microphone with your 
normal speech level for the proper microphone level. 


If you need a tone-burst for initial access of the repeater, depress the (44)TONE CALL Switch for 
the required period. (Tone-burst periods vary individually from 100 milliseconds to 2 seconds.) 
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SECTION VI 


MAIN UNIT SIDE 
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SECTION VII THEORY OF OPERATION 


GENERAL 


The receiver is a double superheterodyne, with a first intermediate frequency of 16.9MHz and a 
second intermediate frequency of 455KHz. A digital phase-locked loop (PLL) circuit is used as 
the first local oscillator, and since the 127MHz signals are oscillated fundamentally, spuriousness is 
held to a minimum. 


Frequency setting is effected simply by thumbwheel switches which put out BCD codes. 


Outstanding characteristics are ensured by use of MOS FETs for the RF amplifier and first mixer, 
a 5-stage helical cavity filter in the RF circuit, a monolithic crystal filter in the first IF circuit, and 
2 ceramic filters in the second IF circuits. 


The transmitter uses a crystal oscillator to produce the 16.9MHz signals which are direct-frequency 
modulated. These signals are mixed with the 127MHz signals from the PLL circuit which is the 
same as the first local oscillator of the receiver, and amplified to provide a 144MHz band output. 


RECEIVER CIRCUITS 


Antenna Switching Circuit 

Signals from the antenna pass through transmit-receive switching diodes D1, D2 and D30 (1SS55s) 
and after amplification by RF amplifier Q2 (3SK74) are applied to the first gate of the first mixer 
Q3 (3SK74). 


When the switching circuit is set at ‘‘receive’’ the switch control transistor Q1 (2SA639) is turned 
on by R +9V, and as the forward voltage is now applied to diodes D1, D2 and D30, signals from 
the antenna pass through the diodes and are fed to O2. 


During transmission, R +9V is turned off, Q1 is turned off, and forward voltage across D1, D2 and 
D30 is terminated. Reverse voltage due to transmission output, is applied and so D1, D2 and D30 
are turned off, preventing the transmitter output from entering the receiver section. 


Radio Frequency Circuit 

The output of the RF amplifier, Q2, is fed to a band-pass filter, consisting of a 5-stage helical 
cavity filter, and serves to reduce interference or other problems caused by strong out-of-band 
signals. 


Receive signals are converted to the first intermediate frequency, 16.9MHz, at the second gate of 
first mixer Q3, to which 127MHz first local oscillator signals from the PLL unit are supplied via 
the local oscillator transmit-receive switching diode D15 (1SS53). 


Intermediate Frequency Circuits 

The first IF circuit must have sharp characteristics in order to reduce interference by signals in the 
pass-band or secondary image frequency interference. These characteristics are ensured in the set 
by use of monolithic crystal filter 16M15A. 


Signals that have passed through the crystal filter are supplied together with 17.355MHz signals 
from the second local oscillator Q9 (2SC945) to the gate of second mixer 04 (2SK49), for conver- 
sion to the 455K Hz second IF. 
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In the second IF amplifier, which has excellent selectivity due to 2 CFU455E ceramic filters, 
signals are amplified by Q5 — Q7 (2SC945s). After removal of noise and other AM components 
by IC1 (uPC577H) functioning as a limiter, the signals are detected in terms of audio frequency 
signals by a ceramic discriminator. 

This ceramic discriminator has outstanding temperature characteristics, linearity and detection 
sensitivity, which guarantee clear, stable reception. 

Audio signals from the discriminator are divided into audio signals and noise component signals to 
operate the squelch circuit. 


Audio Circuit 

In the audio amplifier, audio signals are passed through the de-emphasis circuit consisting of R39 
and C40, and amplified by O8 (2SC1571). High frequency components are cut by a low-pass filter 
Q10 (2SC1571), in order to improve the signal-to-noise ratio. Then the audio signals are adjusted 
to a suitable level by volume control R2, amplified by AF power amplifier |C2 (uPC575C2) to 
1.5W or more, and fed to the speaker. 


During transmission, positive voltage is applied via D13 (1SS53) to Pin No. 8 of IC2, and so it does 
not function, and there is no risk of transmission signals being supplied to the receiver circuit. 


Squelch Circuit 
This is a noise circuit that suppresses noise when signals enter the set. To avoid erroneous opera- 
tion due to audio signals, noise components of about 25K Hz are selectively amplified. 


Squelch control R1 is located immediately after the discriminator, thus increasing the dynamic 
range of the circuit. 


Noise components from squelch control R1 are amplified by 013 and Q14 (2SC945s), rectified by 
D7 and D8 (1N60s), and with C56, C57, R61 and R62 ensure correct timing sequence for smooth 
squelching supplied to the base of squelch control transistor Q12 (2SC945). 


When there are no audio signals, rectified DC voltage from D7 and D8 is applied to the base of 
Q12, turning it on. Since the collector of Q12 is connected to the base of AF amplifier O8, base 
voltage of Q8 falls and O8 is turned off, thus squelch action is applied, and no audio is amplified 
by IC2. At this time, signal lamp control transistor Q11 (2SC945) does not conduct, and so the 
signal lamp goes off. 


When incoming signals are received, noise is suppressed, the base voltage of Q12 falls, and Q12 is 
turned off. Therefore, normal voltage is applied to the base of O8, the squelch circuit is opened, 
and audio signals are heard from the speaker. Q11 also is turned on, and the signal lamp lights up. 


The point at which squelch becomes operative (squelch threshold) is adjusted by R1. 


During transmit, positive voltage is supplied through R6O to the base of Q12 and the squelch 
Circuit is operative, so squelch action is started the moment there is switchover from transmit to 
receive, and no loud crackling or similar noise is heard. 


TRANSMITTER CIRCUITS 


16.9MHz Oscillator, Modulation Circuits 
16.9MHz signals are oscillated by 24 (2SC945) and amplified audio signals from the microphone 


are supplied to varactor diode D17 (1S2688) connected in series with the crystal unit. Voltage of 
these signals causes the capacitance of D17 to vary, and frequency modulation is effected. Since 
this transceiver is a heterodyne type, any frequency deviation that occurs in this circuit appears 
unchanged as a frequency deviation in the 144MHz band, and so use is made of a crystal unit with 
special characteristics to ensure suitable frequency deviation and stability. 


Mixer Circuit 
These modulated signals are taken out at the emitter of 024, and after balanced conversion by 
L39, are applied to transmit mixer IC3 (LM3028). 


127MHz band signals from the PLL unit, which is the same as the first local oscillator of the 
receiver, are supplied through local oscillator transmit-receive switching diode D16 (1SS53) to IC3 
and mixed with the 16.9MHz modulated signals to give signals of 127MHz +16.9MHz. As a 
balanced mixer is used for this mixing stage, 16.9MHz and 127MHz band signals are canceled and 
do not appear in the output. 


Power Amplifier 

The signals are further passed through a concentrated band-pass filter, to produce signals in the 
144MHz band only, and then amplified by O22 (3SK74), Q19 (2SC2053), Q18 (2SC1947), and 
Q17 (2SC2094), to 10 watts or more. 


Since this output includes harmonics, it is passed through 2 Chebyshev sections, and 1 constant-k 
section low-pass filter, to attenuate harmonics to —60dB or more. 


Audio Frequency Circuit 
Audio signals from the microphone are adjusted by R192, and instantaneous frequency deviation 


is kept below a set value by an IDC circuit consisting of O28 (2SC1571), Q27, and Q26 (2SC945s). 


R124 regulates bias of O26, and keeps the chopped waveforms symmetrical. D18 and D19 (1N60s) 
serve as temperature compensators for the IDC circuit. 


Q25 (2SC945) is an active low-pass filter which cuts out harmonics produced in the IDC circuit, 
and prevents spread of the sidebands. Output is taken out at the emitter of Q25. Maximum 
frequency deviation is adjusted by R112. R113 is a thermistor which minimizes frequency devia- 
tion caused by temperature variations. 


Output Power Control 

In the output power control circuit, a portion of the 144MHz band signals from the base of power 
amplifier Q17 is rectified by D12 and D29 (1SS53s), and DC-amplified by Q15 (2SK44), and 016 
(2SB562), to control the collector voltage of Q19. Adjustment of the output power is effected by 
changing the threshold level of D12 and varying DC output voltage from D29. 


APC Circuit 

In the APC (automatic protection) circuit, reflected waves are rectified by D10 (1N60) of the 
SWR detector, amplified by Q20 (2SC945), and Q21 (2SA1015) to bring them up to the level of 
Q22’s source voltage. This lowers input excitation level to the power amplifier stage and reduces 
input power to the final stage, thus preventing damage to transistors due to high SWR. The operat- 
ing point of the APC is adjusted by R89. 
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Meter Circuit 
The meter functions as an S meter which indicates received signal strength during reception, and 
output power level during transmission. 


During reception, the meter indicator needle is caused to move by a portion of the IF signals taken 
from the collector of the second IF amplifier Q7 and rectified by D4 (1N60). Meter indicator 
deflection can be adjusted by altering gain of the second IF amplifier Q5 by R23 in series with the 
by-pass capacitor of the emitter of O5. 


During transmission, the meter indicator is deflected as D11 (1N6O) in the SWR detector rectifies 
forward travelling waves. Meter indication can be adjusted by R73 so that 10W output during 
transmission gives 4/5 scale deflection. 


Power Supply Circuit 

Regardless of whether the transceiver is switched to-receive mode or not, power is always supplied 
from a constantly activated source to the receiver AF amplifier (excluding the power amplifier 
circuit), and PLL circuit. This power source supplies current through R142, D20 (1SS53) and 
zener diode D21 (XZ092), producing a regulated voltage of about 9.2V. This corresponds to the 
reference voltage of D21’s cathode, and is applied to the base of 031 (2SD468), resulting in a 
regulated voltage of about 9V which is taken out at the emitter of 031. 


The power source which is operative during reception supplies voltage to the RF amplifier, first 
and second mixers, second IF amplifier, and second local oscillator. Similar to the constantly 
activated source in the receive mode power circuit, current flows through R147, D27 (1SS53), and 
D21. 


A reference voltage is supplied to the base of 034 (2SD468) and regulated voltage is taken from 
the emitter of Q34. The power source which is in operation during transmit supplies power to the 
16.9MHz oscillator, transmit mixer, IF amplifier, driver bias circuit, and APC control circuit. 
Similar to the receive mode power circuit, in the transmit mode power circuit current flows 
through R143, D22 (1SS53), and D21. A reference voltage is supplied to the base of O32. 


The ALC control circuit, exciting amplifier, power amplifier, and AF power amplifier are supplied 
directly with 13.8V DC. 


If the power supply is connected with polarity reversed, the equipment is protected. Since D28 
(SR10N2R) becomes forward biased, a large current flows and causes the fuse in the external 
power supply cord to blow. 


Transmit-Receive Switching Circuit 

During reception, since the microphone push-to-talk (PTT) switch is off, there is no flow of current 
through D24, D26 (1SS53s), receive power supply becomes operative, and receive +9V is obtained. 
Also, since D25 (1SS53) is off, voltage is supplied through R145 to the base of 033 (2SC945) and 
turns Q33 on. The base of 32 is connected to ground through D23 (1SS53), and so the transmit 
power supply is inoperative, and the transceiver is set in the receive mode. 


During transmission, the PTT switch is on, 034’s base is connected to ground through D26, and 
output voltage of the receive power supply becomes zero. D24 connected to the emitter of 034 
rapidly discharges voltage stored in the receive circuit Capacitor to prevent receiver and transmitter 


from functioning simultaneously during switching. At the same time, Q33 is turned off, as its base 
is connected to ground through D25, and so the D21 reference voltage is applied to the base of 
Q32, +9V is obtained from the transmit power supply, and the transceiver will transmit. 


PLL UNIT 


This transceiver incorporates a phase-locked loop (PLL) circuit for both transmission and reception. 


A portion of the 127MHz signals produced by the VCO (voltage-controlled oscillator) is converted 
and divided. Then the phase of these signals is compared with that of a reference frequency of 
10KHz (IC-24G: 25KHz). The phase difference results in a DC voltage which is used to control 
oscillation frequency of the VCO. In this manner, although the VCO is a self-oscillator, it has the 
same outstanding stability as a crystal oscillator. 


VCO-Frequency Conversion Circuit 

The VCO is a clap oscillator, using O8 (2SK125), and oscillates in the 127MHz band. The oscilla- 
tion frequency is locked by DC voltage which is supplied from the comparator to varactor diode 
D6 (1SV50) inserted in series with the oscillation coil. 


The oscillator output is taken at the source of QO8, and passed through buffer O9 (2SC763), O6 
(2SC763) and Q5 (2SC383) to become local oscillator signals for the receiver and the transmitter. 
A part of these signals is supplied to PLL mixer IC6 (SN76514), which mixes the signals with the 
123MHz signals from the PLL local oscillator. The output of the mixer consists of signals whose 
frequency is 15MHz, or less. 


The PLL local oscillator produces 41MHz signals with Q1 (2SC383), and the signals at 3 times this 
frequency, i.e., 123MHz, are taken from the collector of Q1. 


The local oscillator has three crystals (IC-24G: five crystals), and they are switched according to 
operating modes per the following chart. 
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BULEC MODE | OFFSET | _ Receive TRANSIT 
(ANY) SIMP X2 (123.1MHz) X2 (123.1MHz) 
DUP 2 +600 | X2(123.1MHz) X1(123.7MHz) _—i| 
DUP 2 —600 X2 (123.1MHz) X3 (122.5MHz) 
DUP 1 +600 X1 (123.7MHz) X2 (123.1MHz) 
DUP 1 600 | —_X3 (122.5MHz) X2 (123.1MHz) 


When the FREQUENCY SHIFT Switch is pushed, either Pin 3, 4 or 10 of IC2 in the operating 
crystal circuit, is turned to LOW level, and turns either D9, D11 or D13 OFF and reduces the 
serial capacitor of the crystal. Thus the output frequency of the local oscillator is shifted +5KHz. 


1C-24G: When the FREQUENCY SHIFT Switch is pushed, the local oscillator oscillates 123.1125 
MHz (X5) in the SIMPLEX mode, and 123.7125MHz (X6) in the +600 mode. Thus the operating 
frequency is shifted +12.5KHz. 


As the converted signals from the PLL mixer IC6 are at a low level, they are amplified by 1C7 
(BA401), 04 (2SC763), and fed to Pin 2 of IC3, programmable divider. 
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Divider Circuit 
Programmable divider IC3 (TC9122) divides 04 output at a ratio determined by BCD Code values 
which are fed from the thumbwheel switches. 


The relationship between the operating frequency and the BCD codes is per the following chart. 


OPERATING INPUT FREQ- BCD VALUES (N) | 


— | 
144.00 ~ 144.99MHz 4.00 ~ 4.99MHz | 400 ~ 499 400 ~ 499 160 ~ 199 
145.00 ~ 145.99MHz 5.00 ~ 5.99MHz 500 ~ 599 500 ~ 599 200 ~ 239 | 


146.00 ~ 146.99MHz | 6.00~6.99MHz | 600~ 699 - | = 
147.00 ~ 147.99MHz 7.00~7.99MHz | 700~799 | _ - | a ie 
IC-24G: DISPLAY/OPERATING FREQUENCY/BCD(N) CHART 
OPERATING | | OPERATING | 

DISPLAY ote pune | BCDIN) DISPLAY | HAG og BCD(N) 
400 144.000MHz 160" "= 900 145.000MHz | 200 
401 025 161 501 025 201 
402 050 162 502 050 202 
403 075 163 503 075 203 
404 100 164 504 100 204 
405 125 165 505 125 205 
406 150 166 506 150 206 
407 175 167 507 175 207 
408 200 168 508 200 208 
409 225 te "509 hte Ps | 209 
410 250 170 510 250 210 
411 275 171 511 275 211 
412 300 172 512 300 212 
413 325 173 513 325 213 
414 350 174 514 350 214 
415 375 175 515 375 215 
416 400 176 516 400 216 
417 425 177 517 425 217 
418 450 178 518 450 218 
419 475 179_—||_~—«519 475 219 
400 500 180 520.0) tila S00 220 
421 525 181 521 525 221 
422 550 182 522 550 222 
423 575 183 523 575 223 
424 600 184 524 600 224 
425 625 185 525 625 225 
426 650 186 526 650 226 
427 675 187 527 675 227 
428 700 188 528 700 228 
429 725 ol v4 189 529 | 725 229 
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IC-24G: DISPLAY/OPERATING FREQUENCY/BCD(N) CHART (continued) 


OPERATING OPERATING 

DISPLAY FREQUENCY BCD(N) | DISPLAY FREQUENCY BCD(N) 
430 144.750MHz 190 530 145.750MHz 230 
431 775 194 531 775 231 
432 800 192 532 800 232 
433 825 193 533 825 233 
434 850 194 534 850 234 
435 875 195 535 875 235 
436 900 196 536 900 236 
437 925 197 537 925 237 
438 950 198 538 950 238 

| 439 975 199 539 975 239 


Reference Oscillator 

IC5 (TC5082P) consists of a crystal oscillator and a 12-stage high-speed divider. The crystal 
oscillator produces 10.24MHz (!C-24G: 6.4MHz) signals, and signals that have been divided down 
to 1/1024, i.e., 10KHz (IC-24G: 1/256, i.e., 25K Hz) signals, are obtained at the 10th (IC-24G: 
8th) stage of the divider. 


Phase Comparator 

1C4 (TC5081P) comprises a digital phase comparator. Divided signals from IC3 and 10KHz 
(IC-24G: 25KHz) reference signals from IC5 are fed to the phase comparator, which produces an 
output proportional to the phase difference of the two inputs. This output is passed through the 
low pass filter consisting of R29 ~ 31, C28 and C29, and is supplied to D6 of the VCO, to control 
the VCO frequency. 

If the frequency of IC3 output is higher than the reference frequency set by IC5, voltage supplied 
to D6 falls and the VCO frequency is lowered. If 1C3 output frequency is lower than the reference 
frequency, voltage to D6 becomes higher and the VCO frequency is increased. In this way, the 
VCO frequency is locked to the reference frequency. 


Transmit Muting Circuit 

When the PLL is locked, voltage at Pin No. 4 of 1C4 becomes equal to the power supply voltage. 
But when the lock is released, pulses with a width proportional to the phase difference appear at 
this pin. 

These pulses are integrated by R27, C26, and supplied to the base of O2 (2SA1015). When O2 
base voltage exceeds the junction voltage, Q2 conducts, and voltage is supplied to the base of Q3 
(2SC1815), and O3 also conducts. Voltage at the collector of Q3 becomes zero, base voltage of 
Q32 in the main unit is lowered, power supply voltage for transmit becomes zero, and transmitting 
operations are stopped. 

R4 and C27 make a time-delay to start transmitting of about 30 milliseconds. This prevents sweep 
of the transmitting signals in the duplex mode. 


TONE CALL UNIT 


This unit generates a 1750Hz tone burst for opening a repeater. When the TONE CALL Switch is 
depressed, the circuit is actuated. 

1C1 (TC5082) comprises a crystal oscillator and dividers. IC1 oscillates 7.168MHz and its output 
signal is divided 1/4096, and a highly stable 1750Hz tone burst is obtained. 
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SECTION VIII TROUBLE SHOOTING 


Your IC-22U/24E/24G has been tested very carefully at the factory before shipping. The chart 
below has been designed to help you correct any problems which are not equipment malfunctions. 
If you are not able to locate the problem and/or solve it through use of this chart, please contact 
your dealer or ICOM distributor for assistance. 


Problem 


—— 


Possible Cause 


= 


Solution 


Carefully reconnect power cord. 


Disconnect the power cord, 
replace the blown fuse, then 
reconnect the power cord observ- 
ing proper polarity. 


Check for the cause, then replace 
the fuse with a new one. 


2. No sound comes from 
the speaker. 


L 


1. Power does not come Power cord is improperly 
ON when the switch is connected. 
turned. Power cord is connected with 
the polarity reversed. 
Blown fuse. 
— 


VOLUME Control knob is 
completely counterclockwise, 
but not “clicked OFF”. 

The unit is in the transmit 
mode, by the PTT switch on 
the microphone. 


SQUELCH setting is turned 
too far clockwise. 


External speaker is in use. 


The internal speaker cable is 


not connected. 
| 


Turn the knob clockwise to a 
suitable level. 


Put the unit in the receive mode. 


Turn the SQUELCH control 
counterclockwise until noise can 
be heard and reset it just below 
the threshold. 


Check if the external speaker 
plug is inserted properly or if 
the external speaker cable is cut. 


Connect the speaker connection. 


3. Sensitivity is low and 
only strong signals are 


ae audible. 


The antenna feed line is cut 
or shorted. 


Check the feed line and correct 
any improper condition. 


4. No or low RF output. 


| 


5. No modulation. 


RF Power switch is set at the 
Low position. 


PTT switch is not functioning 
due to bad connection of the 
MIC connector. 


The antenna feeder is cut or 
shorted. 


— 


correct any problems. 


Set the RF Power switch to the 
High (normal) position. 


Check the connection of the 
MIC connector and correct any 
problems. 


Check the antenna feeder and 


Bad connection of the MIC 
connector. 


The MIC cable is cut. 


Check the connection of the 
MIC connector and correct any 
problems. 


Repair the disconnected or cut 
wire. 


— 


Problem 


6. The receive mode fun- 


ctions properly and 
your signals are trans- 
mitted, but you are 
unable to make con- 
tact with another 
station. (When desir- 
ing SIMPLEX mode.) 


(When desiring DUP- 
LEX mode.) 


Possible Cause 


Solution 


The OFFSET switch is in the 
+600 or --600 position. 


The SHIFT Switch is pushed 
and the frequency is offset 
from the communicating 
frequency. 


The OFFSET Switch is in the 
SIMP position. 


Improper input/output fre- 
quency of the repeater. 


. Rear side of the unit 


7 
case become hot. 


$$$ _________, 


Set the OFFSET Switch to the 
SIMP position. 


Push the SHIFT Switch again 
and set to the out position. 


Set the OFFSET switch to the 
+600 or —600 position, and the 
DUPLEX MODE™ sELECT 
Switch to the DUP 1 or DUP 2 
position according to repeater 
input/output frequency. 


As rear side of the case is 
used as a heatsink for the 
transmitter final transistor 
even during normal operation, 
it may get as hot as 35°C 
(95°F) above room tem- 
perature. 


Make sure that the area around 
the unit has as much ventilation 
as possible. 
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SECTION IX VOLTAGE CHARTS 


NOTE: Measuring instrument is a 50K92/V multimeter. 


MAIN UNIT TRANSISTORS 
Sl 


TRANSMIT mi RECEIVE * | 

TR No.| BASE COLLECTOR | EMITTER COLLECTOR | EMITTER| REMARKS 

OR OR OR OR 
GATE1|GATE2|_ DRAIN _| SOURCE |GATE1|GATE2| DRAIN | SOURCE a 

Q1 0 —8.0 0 8.0 7.0 78 

6.2, lowt|so 0 Oa peel eiuwece.e 07 

QO 4 0 0 T 04 0 1 eee ae 0.7 | 

CaO 0 0 2,0 Sane 9 eel 

Q6 0 0 | GND Ma a 2.2 GND 

Q7 0 0 0 46 6.6 4.2 
Beccles A Pai as | nee kas 1.1 |SQL opened 

0 asi 9.6 | 0 _|SQL closed 
a9 0 0 0 28 9.6 2.4 my 

Q10 6.0 98 5.5 6.0 98 5.5 

i Svearerr cap 6.5 78 6.4 _|SOL opened 
Laas o ipa sal . (momen Fee 0 {sau ciosed | 
0.3 8.8 GND SOL opened 

rer ame ce lato ea enn ann Lote ECD Sau. sowed 

013 0 0 1.3 5.6 08 
irot4 |=s0, chee NEO ik 13 eT oe ae 

o | 13.8 04 Po HIGH 

OST EG 6 13.8 0.3 ae Oe [Po Low 

13.0 Wie SaaS 13.8 | Po HIGH 

Sa eR EK 3.0 13.8 13.0 2 ao 13-8" Jpoton 

Qi7 | —0.1 fo = a13i8 GND | 0 13.8 GND | 

Q18 06 13.8 GND 0 13.8 | GND : 

a =a. 
i 08 Rtgs 01 A a 01 POHIGH 
08 De | Bo ie ee Is Po LOW 
ae 06 ei 9.3 GND F Fe cNp  [POHIGH 
| og | 75 | GND | Po LOW 
a 8.8 | 11 96 i ; r Po HIGH 
9.4 05 96 | | ie [Po LOW 
|_ 022 O44 Say Lean OA 3/0 Pa ar0 0 

Q24 78 9.2 7.0 0 0 0 

025° 5.6 94 BO) 56 | Lat oaw ant e6G 

C26 nm e0,7 ial 18 GND 0.7 1.8 GND_ | 

Q27 0.6 0.7 GND 0.6 a 0.7 GND a 

028 05 0.6 GND 0.5 | S06, 37 | en 

Q31 10.0 | 12.0 9.5 | 10.0 12.0 9.5 | 

a32 | 10.0 120 vee os 0.9 ieee | Ee & 

Q33 0.7 10.0 0.3 15 0.9 0.8 a 
| 034 0.8 13.5 0 10.0 12.5 9.5 | 
MAIN UNIT IC 

TRANSMIT RECEIVE | 
IC No. c PIN No. PIN No. REMARKS 
oe: t3 acl Ss ulronern sal) 2 | ee ed a alla |2 
1C1 lo | 0 |o [GNOjo.3 E 0.3 5.0 | 2.0/ 2.0/GND|8.2 | 3.0/8.4 iD 
IC2 1.5 |13.8/13.0|8.0 | 0.5 |13.8] 0 sos 1s813.9 8.0 | 6.5 |13.8] 0.2 | 1.9 
IC3 7.3 | 3.4|GN0/3.0 [6.3] 95/95/95 [0 |o [GNo[o [o |o [o i 


PLL UNIT TRANSISTORS 


TRANSMIT RECEIVE 
TR No. | BASE COLLECTOR] EMITTER| BASE COLLECTOR] EMITTER| REMARKS 
OR OR OR OR OR OR 
GATE1|GATE2) DRAIN | SOURCE |GATE1|GATE2| DRAIN | SOURCE 
Q1 Gee} | 92 0.9 1.6 9-2 Petia 0.99g?) 
Lie 9.2 | o | 96 | 92 0 9.6 
Q3 10.0 GND o7 | 0.1 GND 
1 el 5.0 0.7 1.4 5.0 0.7 ce 
7.4 GND 


0.8 


9.0 


0.8 


PIN No. 
sgh Miracnast eon ct vaeovmoucio1 Wigiisiiayasutiel 
IC1 95/88/0 |o |o |asjo |o [o |[95\/95/0 [0 |95 SIMP, 145.00 
Pe ic2 GE oy ojo lon ou)o fotos] ss) clot oils SIMP, 145.00) 
IC3 95/RF/*/ «| *[*/[»*[* [+ | »* | * | * [| * | GND] GND] GND] 17:01,18:GND 
IC4 0 |95/3.0/95/95|0 | 0.1] 4.4/cND [ 
IC5 2.5|3.5|3.7;0 |85|0 | 4.4] 4.4] GND ei | 
IC6 0 [9.0|8.0|46/3.0[cnD|o0 |o |3.0/46/46/46|/8.0|0 | 
IC7 1.5| 1.5] Gnd] 8.0] 8.8 
ics {94jo [94/0 |o |o |o [8si94i/0 [o [94/94/94 IC-24G 
ICQ o |14lann]s4fo4lo4loaloalo [94lo fo [o [o IC-24G 
PLL UNIT IC IN RECEIVE MODE 
IC No. FP Sean 761 REMARKS 
IC1 95/88|o |o SIMP, 145.00 
IC2 Motor SIMP, 145.00 
IC3 9.5/RF| * | * GND | 17:0.1,18:GND 
IC4 0 [95/3.0/9.5 
a — See 
IC5 2.5| 3.5 | 3.7| 0 
IC6 0 |9.0/8.0) 46 
IC7 1.5| 1.5 |GNO| 8.0 
IC8 9.4/0 ae 1C-24G 
(eco 0 |1.4/cND/ 8.4|9.4 | 1C-24G 


*: 9.0V or OV depending on thumbwheel shitches. 


TONE CALL UNIT (IC-24E/24G only) 


Note: When the tone call switch is pressed. 
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SECTION 1 SPECIFICATIONS 


GENERAL 


Numbers of semi-conductors 


Frequency coverage 


Frequency resolution 


Frequency Control 
Usable conditions 


Frequency stability 
Antenna impedance 
Power supply requirement 
Current drain 


Dimensions 
Weight 


TRANSMITTER 


Output power 

Emission mode 
Modulation system 

Max. frequency deviation 
Spurious emission 
Microphone 


Operating mode 
Tone Burst 


RECEIVER 

Receiving system 
Modulation acceptance 
Intermediate frequency 


Sensitivity 


Squelch sensitivity 


Spurious response rejection ratio: 


Selectivity 


Audio output power 
Audio output impedance 


Transistor 33 (IC-24G: 34) 

FET 6 

iC 10 (1C-24G: 12) 

Diode 42 (1C-24G: 44) 

1C-22U 144.000 ~ 147.995MHz 
1C-24E 144.000 ~ 145.995MHz 
1C-24G 144.000 ~ 145.9875MHz 


10KHz steps (IC-24G: 25KHz steps) 

+5KHz shifts with SHIFT switch depressed 
(IC-24G: +12.5KHz shifts) 

Thumbwheel switched digital PLL synthesizer 
Temperature: —10°C ~ 60°C (14°F ~ 140°F) 
Operationable time: continuous 

Within +1.5KHz 

50 ohms unbalanced 

13.8V DC +15% (negative ground) 2.5A Max. 
Transmitting 


HIGH (10W) Approx. 2.3A 

LOW (1W) Approx. 0.9A 
Receiving 

At max audio output Approx.0.5A 

Squelched Approx. 0.3A 


156mm (W) x 58mm (H) x 218mm (D) 
Approx. 1.7kg 


10W (HIGH), 1W (LOW) 

16F, 

Variable reactance frequency modulation 

+5KHz 

More than 60dB below carrier 

1.3K ohm dynamic microphone with built-in preamplifier and 
push-to-talk switch 

Simplex, Duplex (t+600KHz from receive frequency) 

1750Hz +0.1Hz (1C-22U: Not installed) 


Double-conversion superheterodyne 
16F, 

Ist: 16.9MHz 

2nd: 455KHz 

More than 30dB S+N+D/N+D at 1uV 
Less than 0.6uV for 20dB Noise quieting 
Less than 0.4uV 

More than 60dB 

More than +7.5KHz at —6dB point 
Less than +15KHz at —60dB point 
More than 1.5W at 10% distortion 

8 ohms 


SECTION ti DESCRIPTION 


This transceiver is a thumbwheel switched PLL synthesizer transceiver and is extremely rugged 
and completely solid state. State of the art devices such as Integrated Circuits, Field Effect Tran- 
sistors, etc., and advanced PLL (Phase-Locked-Loop) technology are engineered into a tight-knit 
straightforward electronic design throughout both transmitter and receiver. Reliability, low 
current demand, excellent performance and ease of operation are the net result. 


The RF amplifier and first mixer circuits using MOS FET’s, and high-O helical cavity resonators 
provide excellent Cross Modulation and Two-Signal Selectivity characteristics. The !C-22U/24E/ 
24G has excellent sensitivity demanded especially for mobile operation, PLL controlled first and 
crystal controlled second local oscillators produce excellent stability, and with Crystal and Ceramic 
Filters having high shape factors, exceptional selectivity. 


The transmitter section will produce a minimum of 10 Watts RF output. Again, a Phase-Locked- 
Loop is employed for initial frequency stability. 800 channels (1C-24E: 400, IC-24G: 160 channels) 
and various Duplex capabilities are provided for operating convenience and versatility. High-OQ 
stages provide minimum interstage spurious emission. A low-pass filter is placed at the output to 
further insure undesirable frequency products not being emitted. Final PA transistor protection 
circuit is incorporated in the final circuitry. A new design heatsink is employed to increase final 
amplifier reliability. 


SECTION II! INSTALLATION 


UNPACKING 


Carefully remove your transceiver from the packing carton and examine it for signs of shipping 
damage. Should any be apparent, notify the delivering carrier or dealer immediately, stating the 
full extent of the damage. It is recommended you keep the shipping cartons. In the event storage, 
moving, or reshipment becomes necessary, they come in handy. Accessory hardware, cables, etc., 
are packed with the transceiver. Make sure you have not overlooked anything. 


e) 

a | 

«) 

{)) 

o Mie. ee Po ae ek 

1. Microphone (dynamic type) ....... 1 9: Flat.washers . .. oo coe ee a eee 12 
2:: Microphone Nnook-ar7 5 dns eo ee ee 1 10.. Plug for speaker <4 2. 2 . ee. 1 
G2) POWRRCOIG Bos cece ene a ee Dee 1 11;, Mounting screws 2.202 = ss. 1 eee 8 
4 Spare. fuses (5A) te oa So ares 2 12. Screws for additional bracket....... 2 
5.:(nstalling NOlders A ak oe eee 1 13. Flat head screw’s nuts ........... 2 
6. Installing holdern8 i: fee eee 1 14. Mounting screw’s nuts ........... 4 
JP installingiangle joints. ve eheseee ee 1 15.9 Pin MT plug: | eee ce 1 
8. Gimp strewsit i. a eee 4 
LOCATION 


Where you place the transceiver in your automobile is not critical and should be governed by 
convenience and accessibility. Since the unit is so compact, many mobile possibilities present 
themselves. In general, the mobile mounting bracket will provide you with some guide as to 
placement. Any place where it can be mounted with metal screws, bolts, or pop-rivets will work. 
For fixed station use, a power supply should be designed to produce 3 amps for the transceiver. 


Mounting bracket installation | Transceiver installation 


Angle adjustment Optional installation 


POWER REQUIREMENTS 


The transceiver is supplied ready to operate from any regulated 13.8V DC, 3 ampere negative 
ground source. An automobile 12 volt, negative ground, system is usually more than adequate. 
Some note must be taken, however, of the condition of the vehicle’s electrical system. Items such 
as low battery, worn generator/alternator, poor voltage regulator, etc., will impair operation of 
your transceiver as well as the vehicle. High noise generation or low voltage delivery can be traced 
to these deficiencies. If an AC power supply is used with your transceiver, make certain it is 
adequately regulated for both voltage and current. Low voltage while under load will not produce 
satisfactory results from your transceiver. Receiver gain and transmitter output will be greatly 
impaired. Caution against catastrophic failure of the power supply should be observed. 


oi 


Allele " Excestive Voltage (above 15VDC) will cause damage to yout transceiver, 


: ' . Be Sure to check gource voltage before plugging in the power cord. 


Included with your transceiver is a DC power. cable with plug attached. The Red Wire is positive 
(+), the Black, negative (—). If your mobile installation permits, it is best to connect these directly 
to the battery terminals. This arrangement eliminates random noise and transient spikes some- 
times found springing from automotive accessory wiring. If such an arrangement is net possible, 
then any convenient B+ lead in the interior of the vehicle and the negative frame can be utilized. 
Remember, the unit operates on a negative ground system only; it cannot be used in a positive 
ground automobile. After making your connections, simply insert the plug into your transceiver. 


Fuse (5A) 


Cable connections 


Fuse (5A) 


Power Supply 


Power plug 


IC 22U 24E 24G 


Speaker plug External Speaker (8 ohms) 


AC plug 


ANTENNA 


The most important single item that will influence the performance of any communication system 
is the antenna. For that reason, a good, high-quality, gain antenna of 50 ohms impedance is 
recommended, fixed or mobile. In VHF as well as the low bands, every watt of ERP makes some 
difference. Therefore, 10 watts average output plus 3dB of gain antenna equals 20 watts ERP, 
presuming low VSWR of course. The few more dollars invested in a gain type antenna is well 
worth it. When adjusting your antenna, whether mobile or fixed, by all means follow the manu- 
facturer’s instructions. There are some pitfalls to be aware of. For example, do not attempt to 
adjust an antenna for lowest VSWR when using a diode VSWR meter not engineered for VHF 
applications. Such readings will invariably have an error of 40% or more. Instead, use an in line 
watt meter similar to the Drake WV-4, Bird Model 43 or Sierra Model 164B with VHF cartridge. 
Further, when adjusting a mobile antenna, do so with the motor running preferably above normal 
idling speed. This will insure proper voltage level to the transceiver. 


The RF coaxial connector on the rear chassis mates with a standard PL-259 connector. Some 
models may have metric threads. In any event, the RF connector will mate with almost any 
PL-259 connector if care is taken to seat them properly. 


MICROPHONE 


A high quality dynamic microphone with built-in preamplifier is supplied with your transceiver. 
Merely plug it into the proper receptacle on the front panel. Should you wish to use a different 
microphone, make certain it has a proper preamplifier. Particular care should be excercised in 
wiring also, as the internal electric switching system is dependent upon it. See the schematic for 
the proper hook up. 


Microphone connection 


Microphone plug exploded view 
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EXTERNAL SPEAKER 


An external speaker jack and plug is supplied with your unit in the event another speaker is 
desirable. The external speaker impedance should be 8 ohms, and when used, will disable the 
internal speaker. An 8 ohm headset can be utilized as well. 


SECTION !V CONTROL FUNCTIONS © 


FRONT PANEL 


3 10KHz DIGIT THUMBWHEEL 
SWITCH 

2 100KHz DIGIT A em eG et VE NOUGAT O 
THUMBWHEEL SWITCH 

1 1MHz DIGIT 


THUMBWHEEL 
SWITCH 


133 TRANSMIT INDICATOR 


9 OFFSET SWITCH 


aly DUPLEX MODE 
SELECT SWITCH 


1 MIC 
CONNECTOR 


4 TONE CALL SWITCH 
5 RF POWER SWITCH 


8 VOLUME CONTROL 
and POWER SWITCH 


7 SQUELCH CONTROL 


6 FREQUENCY SHIFT SWITCH METER 


1. IMHz THUMBWHEEL SWITCH 
Sets 1MHz digit of the desired operating frequency. When you set a digit of a frequency that 
is out of the band, the set will work as follows: 

Actual Working frequency band 

1C-24E/24G 


TAS ee ee nna Aas, 2 


0 
N 
N 
S 


Push the @ button to increase the digit, and the © button to decrease. 


2. 100KHz THUMBWHEEL SWITCH 
Sets 100KHz digit of the desired operating frequency. 


3. 10KHz THUMBWHEEL SWITCH 
Sets 10KHz digit of the desired operating frequency. 
NOTE: IC-24G indicates the operating channel number with 2 and 3 thumbwheel switches. 


(Refer to page 18.) 


ee, Oe 


10. 


11. 


tz. 


13. 


14. 


TONE CALL SWITCH 

Most repeaters require a 1750Hz Tone-burst for initial access. Depressing the Tone Call Switch 
for the required period for a repeater, puts the set in the transmit mode and the tone burst 
generator actuates and you can access the repeater. 


When the Tone Call unit is not installed, this switch can be used for a momentary transmit 
switch. 


RF POWER 

This switch is a push-lock type switch which controls the RF output power. When the switch 
pushed in and locked, the RF output power is reduced to 1 watt. When the switch is pushed 
again and released, the RF output power returns to 10 watts. 


FREQUENCY SHIFT SWITCH 

When the desired operating frequency has a 5K Hz digit, set this switch to the in position, and 
add 5KHz to the indicated frequency on the thumbwheel switches. 

(1C-24G: This switch shifts 12.5KHz, i.e., exact middle point to the next upper channel of the 
indicated channel.) 


SQUELCH CONTROL 
Sets the squelch threshold level. To turn OFF the squelch function, rotate this control com- 
pletely counterclockwise. To set the threshold level higher, rotate the control clockwise. 


VOLUME CONTROL and POWER SWITCH 

When the control is turned completely counterclockwise, the power is OFF. By turning the 
control clockwise beyond the ‘'click’’, the unit is turned ON and the audio level increases by 
further rotating it clockwise. 


. OFFSET SWITCH 


Selects Duplex or Simplex operation, and sets the transmitting frequency (or receiving fre- 
quency) 600KHz above or 600K Hz below the indicated frequency for Duplex operation. 


DUPLEX MODE SELECT SWITCH 
Selects whether the transmitting frequency is offset (+600KHz or —600KHz) or the receiving 
frequency is offset from the displayed frequency. 


MIC CONNECTOR 
Connect the supplied microphone to this jack. !f you wish to use a different microphone, 
refer to the drawing on page 5. 


METER 

The numbers on the S-meter represent S1 through S9 and 20 and 60dB over S9. The RF 
output level meter functions only as a relative output meter and does not indicate the wattage. 
These functions are switched automatically when T/R switching is made. 


RECEIVE INDICATOR 
Iluminates when the squelch is opened in the receive mode. 


TRANSMIT INDICATOR 
Iuminates in the transmit mode. 
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15. ANTENNA CONNECTOR 
This is used to connect the antenna to the set. Its impedance is 50 ohms and connects with a 


PL-259 connector. 


16. POWER SOCKET 
Connect the supplied power cord to this socket. 


17. EXTERNAL SPEAKER JACK 
When an external speaker is used, connect it to this jack. Use a speaker with an impedance of 
8 ohms. When the external speaker is connected the built-in speaker does not function. 


18. ACCESSORY SOCKET 
This terminal is available for your personal use, such as for adding accessory circuits, etc., if 


desired. 


SECTION V OPERATION 


INITIAL PREPARATION 


Make sure the VOLUME Control and POWER Switch is in the OFF position, then connect the 
power supply cord to the power connector. The red lead should be connected to the positive 
terminal of the power source and the black lead to the negative terminal. In the event that these 
leads are improperly connected, the transceiver will not function. Reversing polarity will blow out 
the fuse in the power supply cord due to actuation of the protection circuit. 


Connect the microphone to the MIC Connector. 


Connect the antenna to the Antenna Connector. Make sure the coax line is of the correct imped- 
ance (50 ohms) and is neither shorted nor open. 


RECEIVING 


Set the controls and switches as follows: 


7 SQUELCH CONTROL Completely counterclockwise 

8 VOLUME CONTROL Completely counterclockwise 

9 OFFSET SWITCH SIMP 

1~ 3 THUMBWHEEL SWITCHES and 6 FREQUENCY SHIFT SWITCH Desired frequency 
(Others may be at any position or setting.) 


Turn the 8 VOL control clockwise (it will ‘’click’’ ON) and the meter will! illuminate. 
Turn the VOL control clockwise to a comfortable audio level. 


If no signal can be heard but only noise, turn the 7 SOL control clockwise until the noise from the 
speaker stops and set it just below this threshold. (When adjusting the SOL setting, if some com- 
munication signals can be heard, turn the thumbwheel switch either direction and set it where only 
noise can be heard.) Your transceiver will now remain silent until an in-coming signal is received 
which opens the squelch. If the squelch is unstable due to the reception of weak or mobile stations, 
adjust the squelch control further until the proper threshold is obtained. 


TRANSMITTING 


Set the controls and switches as follows: 


9 OFFSET SWITCH (see below) 
10) DUPLEX MODE SELECT SWITCH (see below) 
5 RF POWER SWITCH HIGH 


1~ 3 THUMBWHEEL SWITCHES and § FREQUENCY SHIFT SWITCH Desired frequency 


For simplex operation, set 9 OFFSET SWITCH at the SIMP position, making 11DUPLEX MODE 
SELECT SWITCH nonfunctional. 


For repeater operation, set 9 OFFSET switch and 10DUPLEX MODE SELECT SWITCH accord- 
ing to repeater’s input/output frequencies. 


att 


The relationship of the OFFSET switch and DUPLEX MODE SELECT switch is as follows: 


DUPLEX MODE, 
SELECT SWITCH 


OFFSET 
SWITCH 


+600 (Set frequency) +600K Hz Set frequency 
—600 (Set frequency) —600K Hz Set frequency 
+600 Set frequency (Set frequency) +600KHz 
--600 Set frequency (Set frequency) —600KHz 
SIMP Set frequency Set frequency _ “sh 


NOTE: IC-24G’s FREQUENCY SHIFT switch acts in the SIMPLEX mode and +600KHz DU- 
PLEX mode only. 


lf the lower output power (1W) is sufficient, set 5 RF POWER Switch to the LOW (in) position. 


Depress the PTT (push to talk) Switch on the microphone and the transceiver will transmit. At 
the same time the TRANSMIT indicator will be illuminated red and the meter will provide an 
indication of relative power output of the transmitter. Speak into the microphone with your 
normal speech level for the proper microphone level. 


If you need a tone-burst for initial access of the repeater, depress the 4 TONE CALL Switch for 
the required period. (Tone-burst periods vary individually from 100 milliseconds to 2 seconds.) 


SECTION Vi INSIDE VIEW 
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R23 (S-Meter Adj.) 
R89 (APC Adj.) 


{C3 (LM3028 TX Mixer) 
Q18 (2SC1947 Driver) 


R112 (Deviation Adj.) 
X2 (16.9MHz Crystal) 
R74 (ALC Threshold Adj.) 


FI2- FI3 (CFU455E Ceramic Filter) 
FIl1l (16M15A 16.9MHz Crystal Filter) 
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IC3 (TC9122 Programmable Divider) 
Reference Frequency Crystal 


1C6 (SN76514 Mixer) 


Optional Adapter Terminal 


TONE CALL Unit (IC-24E/G Only) 


Q17 (2SC2094 PA Transistor) 


SECTION VII THEORY OF OPERATION — | 


GENERAL 


The receiver is a double superheterodyne, with a first intermediate frequency of 16.9MHz and a 
second intermediate frequency of 455KHz. A digital phase-locked loop (PLL) circuit is used as 
the first local oscillator, and since the 127MHz signals are oscillated fundamentally, spuriousness is 
held to a minimum. 


Frequency setting is effected simply by thumbwheel switches which put out BCD codes. 


Outstanding characteristics are ensured by use of MOS FETs for the RF amplifier and first mixer, 
a 5-stage helical cavity filter in the RF circuit, a monolithic crystal filter in the first IF circuit, and 
2 ceramic filters in the second IF circuits. 


The transmitter uses a crystal oscillator to produce the 16.9MHz signals which are direct-frequency 
modulated. These signals are mixed with the 127MHz signals from the PLL circuit which is the 
same as the first local oscillator of the receiver, and amplified to provide a 144MHz band output. 


RECEIVER CIRCUITS 


Antenna Switching Circuit 

Signals from the antenna pass through transmit-receive switching diodes D1, D2 and D30 (1SS55s) 
and after amplification by RF amplifier Q2 (3SK74) are applied to the first gate of the first mixer 
Q3 (3SK74). 


When the switching circuit is set at ‘receive’ the switch control transistor Q1 (2SA639) is turned 
on by R +9V, and as the forward voltage is now applied to diodes D1, D2 and D30, signals from 
the antenna pass through the diodes and are fed to O2. 


During transmission, R +9V is turned off, Q1 is turned off, and forward voltage across D1, D2 and 
D30 is terminated. Reverse voltage due to transmission output, is applied and so D1, D2 and D30 
are turned off, preventing the transmitter output from entering the receiver section. 


Radio Frequency Circuit 

The output of the RF amplifier, Q2, is fed to a band-pass filter, consisting of a 5-stage helical 
cavity filter, and serves to reduce interference or other problems caused by strong out-of-band 
signals. 


Receive signals are converted to the first intermediate frequency, 16.9MHz, at the second gate of 
first mixer Q3, to which 127MHz first local oscillator signals from the PLL unit are supplied via 
the local oscillator transmit-receive switching diode D15 (1SS53). 


Intermediate Frequency Circuits 

The first 1F circuit must have sharp characteristics in order to reduce interference by signals in the 
pass-band or secondary image frequency interference. These characteristics are ensured in the set 
by use of monolithic crystal filter 16M15A. 


Signals that have passed through the crystal filter are supplied together with 17.355MHz signals 
from the second local oscillator Q9 (2SC945) to the gate of second mixer O4 (2SK49), for conver- 
sion to the 455KHz second IF. 
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In the second IF amplifier, which has excellent selectivity due to 2 CFU455E ceramic filters, 
signals are amplified by O5 — Q7 (2SC945s). After removal of noise and other AM components 
by IC1 (uPC577H) functioning as a limiter, the signals are detected in terms of audio frequency 
signals by a ceramic discriminator. 

This ceramic discriminator has outstanding temperature characteristics, linearity and detection 
sensitivity, which guarantee clear, stable reception. 

Audio signals from the discriminator are divided into audio signals and noise component signals to 
operate the squelch circuit. 


Audio Circuit 

In the audio amplifier, audio signals are passéd through the de-emphasis circuit consisting of R39 
and C40, and amplified by O08 (2SC1571). High frequency components are cut by a low-pass filter 
Q10 (2SC1571), in order to improve the signal-to-noise ratio. Then the audio signals are adjusted 
to a suitable level by volume control R2, amplified by AF power amplifier 1C2 (PC575C2) to 
1.5W or more, and fed to the speaker. . 


During transmission, positive voltage is applied: via D13 (1SS53) to Pin No. 8 of IC2, and so it does 
not function, and there is no risk of transmission signals being supplied to the receiver circuit. 


Squelch Circuit 
This is a noise circuit that suppresses noise when signals enter the set. To avoid erroneous opera- 
tion due to audio signals, noise components of. about 25K Hz are selectively amplified. 


Squelch control R1 is located immediately after the discriminator, thus increasing the dynamic 
range of the circuit. 


Noise components from squelch control R1 are amplified by 013 and Q14 (2SC945s), rectified by 
D7 and D8 (1N60s), and with C56, C57, R61 and R62 ensure correct timing sequence for smooth 
squelching supplied to the base of squelch control transistor Q12 (2SC945). 


When there are no audio signals, rectified DC voltage from D7 and D8 is applied to the base of 
Q12, turning it on. Since the collector of Q12:is connected to the base of AF amplifier Q8, base 
voltage of O8 falls and O8 is turned off, thus squelch action is applied, and no audio is amplified 
by IC2. At this time, signal lamp control transistor Q11 (2SC945) does not conduct, and so the 
signal lamp goes off. 


When incoming signals are received, noise is suppressed, the base voltage of O12 falls, and Q12 is 
turned off. Therefore, normal voltage is applied to the base of Q8, the squelch circuit is opened, 
and audio signals are heard from the speaker. Q11 also is turned on, and the signal lamp lights up. 


The point at which squelch becomes operative (squelch threshold) is adjusted by R1. 


During transmit, positive voltage is supplied through R60 to the base of O12 and the squelch 
circuit is operative, so squelch action is started the moment there is switchover from transmit to 
receive, and no loud crackling or similar noise is heard. 


TRANSMITTER CIRCUITS 


16.9MHz Oscillator, Modulation Circuits 
16.9MHz signals are oscillated by 024 (2SC945) and amplified audio signals from the microphone 


‘are supplied to varactor diode D17 (182688) connected in series with the crystal unit. Voltage of 


these signals causes the capacitance of D17 to vary, and frequency modulation is effected. Since 
this transceiver is a heterodyne type, any frequency deviation that occurs in this circuit appears 
unchanged as a frequency deviation in the 144MHz band, and so use is made of a crystal unit with 
special characteristics to ensure suitable frequency deviation and stability. 


Mixer Circuit 
These modulated signals are taken out at the emitter of O24, and after balanced conversion by 


L39, are applied to transmit mixer IC3 (LM3028). 


127MHz band signals from the PLL unit, which is the same as the first local oscillator of the 
receiver, are supplied through local oscillator transmit-receive switching diode D16 (1SS53) to IC3 
and mixed with the 16.9MHz modulated signals to give signals of 127MHz +16.9MHz. As a 
balanced mixer is used for this mixing stage, 16.9MHz and 127MHz band signals are canceled and 
do not appear in the output. 


Power Amplifier 

The signals are further passed through a concentrated band-pass filter, to produce signals in the 
144MHz band only, and then amplified by Q22 (3SK74), Q19 (2SC2053), Q18 (2SC1947), and 
Q17 (2SC2094), to 10 watts or more. 


Since this output includes harmonics, it is passed through 2 Chebyshev sections, and 1 constant-k 
section low-pass filter, to attenuate harmonics to —60dB or more. 


Audio Frequency Circuit 

Audio signals from the microphone are adjusted by R132, and instantaneous frequency deviation 
is kept below a set value by an IDC circuit consisting of Q28 (2SC1571), Q27, and Q26 (2SC945s). 
R124 regulates bias of O26, and keeps the chopped waveforms symmetrical. D18 and D19 (1N60s) 
serve as temperature compensators for the IDC circuit. 


Q25 (2SC945) is an active low-pass filter which cuts out harmonics produced in the IDC circuit, 
and prevents spread of the sidebands. Output is taken out at the emitter of O25. Maximum 
frequency deviation is adjusted by R112. R113 is a thermistor which minimizes frequency devia- 
tion caused by temperature variations. 


Output Power Control 

In the output power control circuit, a portion of the 144MHz band signals from the base of power 
amplifier Q17 is rectified by D012 and D29 (1SS53s), and DC-amplified by Q15 (2SK44), and Q16 
(2SB562), to control the collector voltage of Q19. Adjustment of the output power is effected by 
changing the threshold level of 012 and varying DC output voltage from D29. 


APC Circuit 

In the APC (automatic protection) circuit, reflected waves are rectified by D10 (1N60) of the 
SWR detector, amplified by Q20 (2SC945), and Q21 (2SA1015) to bring them up to the level of 
Q22’'s source voltage. This lowers input excitation level to the power amplifier stage and reduces 
input power to the final stage, thus preventing damage to transistors due to high SWR. The operat- 
ing point of the APC is adjusted by R89. 
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Meter Circuit 


The meter functions as an S meter which indicates received signal strength during reception, and 
output power level during transmission. 


During reception, the meter indicator needle is caused to move by a portion of the IF signals taken 
from the collector of the second IF amplifier Q7 and rectified by D4 (1N60). Meter indicator 
deflection can be adjusted by altering gain of the second IF amplifier Q5 by R23 in series with the 
by-pass capacitor of the emitter of O5. 


During transmission, the meter indicator is deflected as D11 (1N60) in the SWR detector rectifies 
forward travelling waves. Meter indication can be adjusted by R73 so that 10W output during 
transmission gives 4/5 scale deflection. 


Power Supply Circuit 

Regardless of whether the transceiver is switched to receive mode or not, power is always supplied 
from a constantly activated source to the receiver AF amplifier (excluding the power amplifier 
circuit), and PLL circuit. This power source supplies current through R142, 020 (1SS53) and 
zener diode D21 (XZ092), producing a regulated voltage of about 9.2V. This corresponds to the 
reference voltage of D21’s cathode, and is applied to the base of O31 (2SD468), resulting in a 
regulated voltage of about 9V which is taken out at the emitter of O31. 


The power source which is operative during reception supplies voltage to the RF amplifier, first 
and second mixers, second IF amplifier, and second local oscillator. Similar to the constantly 
activated source in the receive mode power circuit, current flows through R147, D27 (1SS53), and 
D21. : 

A reference voltage is supplied to the base of 034 (2SD468) and regulated voltage is taken from 
the emitter of Q34. The power source which is in operation during transmit supplies power to the 
16.9MHz oscillator, transmit mixer, IF amplifier, driver bias circuit, and APC control circuit. 
Similar to the receive mode power circuit, in the transmit mode power circuit current flows 
through R143, D22 (1SS53), and D021. A reference voltage is supplied to the base of O32. 


The ALC control circuit, exciting amplifier, power amplifier, and AF power amplifier are supplied 
directly with 13.8V DC. 


If the power supply is connected with polarity, reversed, the equipment is protected. Since D28 
(SR10N2R) becomes forward biased, a large current flows and causes the fuse in the external 
power supply cord to blow. 


Transmit-Receive Switching Circuit 

During reception, since the microphone push-to-talk (PTT) switch is off, there is no flow of current 
through D24, D26 (1SS53s), receive power supply becomes operative, and receive +9V is obtained. 
Also, since D25 (1SS53) is off, voltage is supplied through R145 to the base of 033 (25C945) and 
turns 033 on. The base of 032 is connected to ground through D23 (1SS53), and so the transmit 
power supply is inoperative, and the transceiver is set in the receive mode. 


During transmission, the PTT switch is on, Q34’s base is connected to ground through D26, and 
output voltage of the receive power supply becomes zero. D24 connected to the emitter of Q34 
rapidly discharges voltage stored in the receive circuit capacitor to prevent receiver and transmitter 


from functioning simultaneously during switching. At the same time, O33 is turned off, as its base 
is connected to ground through D25, and so the D21 reference voltage is applied to the base of 


’ Q32, +9V is obtained from the transmit power supply, and the transceiver will transmit. 


PLL UNIT 


This transceiver incorporates a phase-locked loop (PLL) circuit for both transmission and reception . 


A portion of the 127MHz signals produced by the VCO (voltage-controlled oscillator) is converted 
and divided. Then the phase of these signals is compared with that of a reference frequency of 
10KHz (1C-24G: 25KHz). The phase difference results in a DC voltage which is used to control 
oscillation frequency of the VCO. In this manner, although the VCO is a self-oscillator, it has the 
same outstanding stability as a crystal oscillator. 


VCO-Frequency Conversion Circuit 

The VCO is a clap oscillator, using O8 (2SK125), and oscillates in the 127MHz band. The oscilla- 
tion frequency is locked by DC voltage which is supplied from the comparator to varactor diode 
D6 (1SV50) inserted in series with the oscillation coil. 


The oscillator output is taken at the source of Q8, and passed through buffer O9 (2SC763), O6 
(2SC763) and O5 (2SC383) to become local oscillator signals for the receiver and the transmitter. 
A part of these signals is supplied to PLL mixer 1C6 (SN76514), which mixes the signals with the 
123MHz signals from the PLL local oscillator. The output of the mixer consists of signals whose 
frequency is 15MHz, or less. 


The PLL local oscillator produces 41MHz signals with Q1 (2SC383), and the signals at 3 times this 
frequency, i.e., 123MHz, are taken from the collector of O1. 


The local oscillator has three crystals (1C-24G: five crystals), and they are switched according to 
operating modes per the following chart. 


a 


bie enue reste hve ee 
[ DUPLEX MODE OFFSET | 


| SELECT SWITCH | SWITCH MAL aMe TRANSMIT 


(ANY) SiMP | X2 (123.1MHz) X2 (123.1MHz) hay 

- DUP 2 | -++600.~—=, ~—=—«X2 (123.1MHz! X1 (123.7MH2) | 
DUP 2 600 X2 (123.1MHz) 
X1 (123.7MHz) 


DUP 1 +600 
+e eS 
DUP 1 | —600 | X3 (122.5MHz) 


When the FREQUENCY SHIFT Switch is pushed, either Pin 3, 4 or 10 of IC2 in the operating 
crystal circuit, is turned to LOW level, and turns either D9, D11 or 013 OFF and reduces the 
serial capacitor of the crystal. Thus the output frequency of the local oscillator is shifted +5KHz. 


X3 (122.5MHz) | 


X2(123.1MHz) | 
X2 (123.1MHz) 


IC-24G: When the FREQUENCY SHIFT Switch is pushed, the local oscillator oscillates 123.1125 
MHz (X5) in the SIMPLEX mode, and 123.7125MHz (X6) in the +600 mode. Thus the operating 
frequency is shifted +12.5KHz. 


As the converted signals from the PLL mixer IC6 are at a low level, they are amplified by 1C7 
(BA401), 04 (2SC763), and fed to Pin 2 of IC3, programmable divider. 


—17 


gy Es 


Divider Circuit 


Programmable divider 1C3 (TC9122) divides 04 output at a ratio determined by BCD Code values 
which are fed from the thumbwheel switches. 


The relationship between the operating frequency and the BCD codes is per the following chart. 


INPUT FREQ. SBCDIVALUES. (N). 7. olen 


UENCY of IC3 


OPERATING 
FREQUENCY 


144.00 ~ 144.99MHz 
145.00 ~ 145.99MHz 


1C-22U 

4.00 ~ 4.99MHz 400 ~ 499 400 ~ 499 
5.00 ~ 5.99MHz 500 ~ 599 500 ~ 599 
6.00 ~ 6.99MHz 600 ~ 699 = 
7.00 ~ 7.99MHz 700 ~ 799 — 


146.00 ~ 146.99MHz 
147.00 ~ 147.99MHz 


1C-24G: DISPLAY/OPERATING FREQUENCY/BCD(N) CHART 


PERATIN 
DISSPAV Crear ee BCDIN) || DISPLAY Brea Genad; |: BCOIB 
144.000MHz 160 (SOO. 145.000MHz | 200 
025 161 501 025 201 
050 162 502 050 202 
075 163 503 075 203 
100 164 | 504 100 204 
405 125 165. | 505 125 205 
406 150 166 | 506 150 eae 
175 167 | 507 175 | 207 
200 168 | 508 200 frees): 
225 16990)97). 509 225 i eepariels 
170 510 250 210 
171 511 275 211 
172 512 300 212 
173 Hien 513 325 213 
174 ce BIA 350 214 
175 ru ae 515 375 eel: 
176 i! 516 400 216 
Wer hls 425 Bie 
178 Tap bs: 450 218 
Epes oi obo) SANS PONCE Babe NOR ALAS oe eae 

180 | 520 500 220 
181 Bi a2 525 221 
182 Homo aD 550 Bae ry 
1634 2523 575 223 
184 ays! 600 224 
185. vit 525 625 225 
186 | 526 650 226 
187 Loin S27 675 227 
i 188 528 700 228 

Us SUE el SY ae ih CL Set ae me EC ICT te 


IC-24G: DISPLAY/OPERATING FREQUENCY/BCD(N) CHART (continued) 


HT iepCaany PER Atos BCD(N) | DISPLAY | patie Nbr BCDIN) 
ioltoe = il ie Sa _ 1 = “i a v. ee eee 
430 144.750MHz 190 530 145.750MHz 230 
aa 775 191 531 775 231 
| 432 800 192 532 800 232 
433 825 193 533 | 825 233 
434 850 194 534 850 234 
435 875 195 535 875 235 
496 900 196 «|| ~Ss536 900 236 
L497 925 197 537 925 | -237 
438 950 198 538 950 238 
439 975 199 || S539 975." "| ere 


Reference Oscillator 

1C5 (TC5082P) consists of a crystal oscillator and a 12-stage high-speed divider. The crystal 
oscillator produces 10.24MHz (IC-24G: 6.4MHz) signals, and signals that have been divided down 
to 1/1024, i.e., 10KHz (IC-24G: 1/256, i.e., 25KHz) signals, are obtained at the 10th (1C-24G: 
8th) stage of the divider. 


Phase Comparator 

1C4 (TC5081P) comprises a digital phase comparator. Divided signals from I1C3 and 10KHz 
(1C-24G: 25KHz) reference signals from IC5 are fed to the phase comparator, which produces an 
output proportional to the phase difference of the two inputs. This output is passed through the 
low pass filter consisting of R29 ~ 31, C28 and C29, and is supplied to D6 of the VCO, to control 
the VCO frequency. 

If the frequency of IC3 output is higher than the reference frequency set by IC5, voltage supplied 
to D6 falls and the VCO frequency is lowered. If 1C3 output frequency is lower than the reference 
frequency, voltage to D6 becomes higher and the VCO frequency is increased. In this way, the 
VCO frequency is locked to the reference frequency. 


Transmit Muting Circuit 

When the PLL is locked, voltage at Pin No. 4 of 1C4 becomes equal to the power supply voltage. 
But when the lock is released, pulses with a width proportional to the phase difference appear at 
this pin. 

These pulses are integrated by R27, C26, and supplied to the base of O2 (2SA1015). When O2 
base voltage exceeds the junction voltage, Q2 conducts, and voltage is supplied to the base of O3 
(2SC1815), and Q3 also conducts. Voltage at the collector of Q3 becomes zero, base voltage of 
Q32 in the main unit is lowered, power supply voltage for transmit becomes zero, and transmitting 
operations are stopped. 

R4 and C27 make a time-delay to start transmitting of about 30 milliseconds. This prevents sweep 
of the transmitting signals in the duplex mode. 


TONE CALL UNIT 


This unit generates a 1750Hz tone burst for opening a repeater. When the TONE CALL Switch is 
depressed, the circuit is actuated. 

1C1 (TC5082) comprises a crystal oscillator and dividers. IC1 oscillates 7.168MHz and its output 
signal is divided 1/4096, and a highly stable 1750Hz tone burst is obtained. 
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SECTION Vill TROUBLE SHOOTING — 


Your IC-22U/24E/24G has been tested very carefully at the factory before shipping. The chart 
below has been designed to help you correct any problems which are not equipment malfunctions. 
If you are not able to locate the problem and/or solve it through use of this chart, please contact 
your dealer or [COM distributor for assistance. 


Problem 


Possible Cause 


Solution 


1. Power does not come 
ON when the switch is 
turned. 


Power cord is improperly 
connected. 


Power cord is connected with 
the polarity reversed. 


Blown fuse. 


Carefully reconnect power cord. 


Disconnect the power cord, 
replace the blown fuse, then 
reconnect the power cord observ- 
ing proper polarity. 


Check for the cause, then replace 
the fuse with a new one. 


2. No sound comes from 
the speaker. 


VOLUME Control knob _ is 
completely counterclockwise, 
but not ‘’clicked OFF”’. 


The unit is in the transmit 
mode, by the PTT switch on 
the microphone. 


SQUELCH setting is turned 
too far clockwise. 


External speaker is in use. 


The internal Speaker cable is 
not connected. 


3. Sensitivity is low and 
only strong signals are 


The antenna feed line is cut 
or shorted. 


Turn the knob clockwise to a 
suitable level. 


Put the unit in the receive mode. 


Turn the SQUELCH control 
counterclockwise until noise can 
be heard and reset it just below 
the threshold. 


Check if the external speaker 
plug is inserted properly or if 
the external speaker cable is cut. 


Connect the speaker connection. 


any improper condition. 


audible. 


4. No or low RF output. 


5. No modulation. 


RF Power switch is set at the 
Low position. 

PTT switch is not functioning 
due to bad connection of the 
MIC connector. 

The antenna feeder is cut or 
shorted. 


Set the RF Power switch to the 
High (normal) position. 


Check the connection of the 
MIC connector and correct any 
problems. 


Check the antenna feeder and 
correct any problems. 


eye 


Bad connection of the MIC 
connector. 


The MIC cable is cut. 


Check the connection of the 
MIC connector and correct any 
problems. 


Repair the disconnected or cut 
wire. 


Problem 


Possible Cause 


Solution 


6. The receive mode fun- 
ctions properly and 
your signals are trans- 
mitted, but you are 
unable to make con- 
tact with another 


station. (When desir- 
ing SIMPLEX mode.) 


(When desiring DUP- 
LEX mode.) 


. Rear side of the unit 
case become hot. 


The OFFSET switch is in the 
+600 or --600 position. 


The SHIFT Switch is pushed 
and the frequency is offset 
from the communicating 
frequency. 


The OFFSET Switch is in the 
SIMP position. 


Improper input/output  fre- 
quency of the repeater. 


Set the OFFSET Switch to the 
SIMP position. 


Push the SHIFT Switch again 
and set to the out position. 


Set the OFFSET switch to the 
+600 or —600 position, and the 
DUPLEX MODE SELECT 
Switch to the DUP 1 or DUP 2 
position according to repeater 
input/output frequency. 


As rear side of the case is 
used as a heatsink for the 
transmitter final transistor 
even during normal operation, 
it may get as hot as 35°C 
(95°F) above room tem- 
perature. 


Make sure that the area around 
the unit has as much ventilation 
as possible. 


—21 


ay ip fol 


SECTION 


IX VOLTAGE CHARTS 


NOTE: Measuring instrument is a 50K{2/V multimeter. 
MAIN UNIT TRANSISTORS 


TRANSMIT 


DRROEE DC ie | 
COLLECTOR | EMITTER} BASE COLLECTOR! EMITTER; REMARKS | 
OR OR =} OR OR 

SOURCE |GATE1 |GATE2! DRAIN 


? pSOURGCE 
thie ee PO ic 738 


| 
| 
| 
| 


} 
SQL c opened 
SOL closed | 
7 
4 {sat peered 
bAlat vege ceanahed Phil eee __{SQt closed 
5 ale 88 _ GND (Soe opened | 
[ole aloes kaos GND [SOL closed _ 
3 5. 0.8 
1.3 9. Or | 
Po HIGH 
Prater. o" _ [Pe tow 
13.0 13.8 23) ee 
EDL Atod WRN etc 5 5 EOE eM Lit EL 
13.8 GNO «44: Saba 
NS DAES: GUD 0 Oe 
|Po HIGH 
ibaa i jrotow ye 5 
0 ahipe See 
‘ Po LOW | 
‘Po HIGH | 
2 PoLOW 
nt i a 
0 0 LAE | 
) ) | | 
9. 5.0 ts 
1 GND 
aly GND ic ee 
er cee cho ee 
12.0 95 
13.8 0 
0.9 0.8 
pi 126 ob Lig 
RECEIVE 
See CRINING Sw int REMARKS 
2428 Se el a 
oy 2.0/GND|8.2| 3.0/8.4] _ ee 


1.5 |13.8/13.0) 8.0 [6.5 |13.8/0.2|1.9 
|0 |éndJo [o [o {o |o 


PLL UNIT TRANSISTORS 


ean aa ~ TRANSMIT iS RECEIVE : el 
TR No. sige — IPOLLECTOR EMITTER COLLECTOR EMITTER REMARKS 
OR OR 
SOURCE DRAIN sounce | 
| 09 nF. a a © 
9.6 Se 96 | | 
GND 0.1 GND 
0.7 5.0 Chis t 
GND 74 GND | Me 
0.8 9.0 os | 
Cee a Se Ba Ae 
25 BH iy 
0.4 6.4 BALat | 
PLL UNIT IC IN TRANSMIT MODE 
(Oe ean Pies ow eu i. RINies ee Se cae red 
ack fad els, 166 | a le | | 12] 13] 14 15 | 16 | Ree 
Ici _95/88/0 |o |o [88] 5/9 __| SIMP, 145.00 
ulC2 et ON) Oe Lonel Coat ot 5| ‘[_[sime, 145.00 
Tee eee a a i | [GND | 17:0.1,18:GND | 
1C4 (9 [95|,30'95/95/0 _ s 
Maneics 12:5] 3543.7, 0.218.510 ho : 
Icé 0 _[9.0)8.0, 4.6| 3.0] cNo ie 
IC7 ~_/15| 1.5 [eno] 8.0 88 | | ee 
94;0 |0 {0 |0 tC Gy | 
| Ico «| O =| 1.4|GND]) 84]94] 9.4 | 1c-24G 
PLL UNIT IC IN RECEIVE MODE 
ee aiar Wi : : 
Te ike 4 ce 6 15 16 | REMARKS | 
silo jo |95|88 SIMP, 145.00, 
G.-(0cO aD ~ | SIMP, 145.00. 
Nil acepee )} GND! GND. 17:0.1,18:GND | 
0/95/95 3 Ee SR Se ee 
7/0 |85 i. eto 
0| 46| 3.0 ‘fend aes 
10] 8.0/8.8 : | "1 
A(00s § _| 1C-24G 
Lak ND 8.4 94 | IC- 24G 
*: 9.0V or OV depending on thumbwheel shitches. 
TONE CALL UNIT (1C-24E/24G only) 
L i No. 
ICNo. > REMARKS 


MEN ERE REARS 
IC1 1.4/2.6|3.2;/34'68| —  - 


Note: When the tone call switch is pressed. 


[2o{M aya] 14/15] 16 
ee tal 


—23 


OUI) —— 


LUNSNY bil 


Ea/DSE to 


Lori 9 


oun 41 Vd 


Wd 


VHIWOb Ss ~ PS ato OL) ZHINGO 7 +t 


EREDSE 46 


AMINE bE G 


ohare Od 


HAA ddS 


CYGLG9dT COI 5 


Gung jmod 4 


GYOISE O20 


1 muy VC) 


HHOCS Lf 


jouiue 


y dV eh JOE INDO Wy 4 


HOVINOS 


E5SS tb 6) 


GPbISE LILO 


{Ou1U0") 


€* OONL 9G) 
OSSP tSa 
JOLPURUOISIC) W4 


SO 


LESLIS? BO. 


y60ZISZ L100 tZGLOS¢ OLO 


Hd/GDd" Lot 


CX OONL RG 20 


JOP MNAC] ASION, 


rw 


blO EL 
Muy AS1ORY 


Gwiy seMOd 4H Jd]! 4 SS GMO] aduiy 4Vv JOLRDIPUY AAT WA} | 


Jou] 4) puz 


£€* GGSsi 
OCOCO: oho 

6E9VSZ LO 
YOUIMS H/ | 


7 *O9NL 
Ltd Old 
919Q DV 
Ja IL-4 SSL4-MO ) 


vinSe 20 t * GpG9SzZ 


vi ASE LO VSLWOL 6S? vO €* 4669 N49 


wy SSPg P 


8 


=, 1O~SGO 


Owy 4y JAKIYY IS} WL 4 (PISAL) ja Pug wpe 


auiy 4) 


4 CHING OE “HYGGY 
NIVW 


AN IAIGDAH Z\ 
WNN3INY hare 


Ab+ O 


= 
< 
c 
Oo 
— 
Oo 
=< 
oO 
Oo 
a 
co 
x 
= 
= 
- 
1S) 
Wu 
4 


ZA. 


INSTRUC TION MANUAL 


i 
g 
a 
a 
~ 
9 
” 


. 


ICOM INCORPORATED 


ICO 


A-0310 


Printed in Japan 


HIRANO-KU, 


KAMI KURATSUKURI 
OSAKA JAPAN 


’ 


9 


-1 


ife 


Ic3 
7TC5082 


| 
S, | 
oA | 


4 a 
1 2M LD Ee | . A Ps b g E 
Nx 4 y 2 
¢ Ww , 
F | — s 50 @ 
X ie Bere) (9) @ @ 
Lal 
| © O 
3 
| re) o Q g0Z 25 TO) @° 
< 
S& 
| 4P00°O © 5 
srk enema )semap’s sence > sm Sae-<ltgh 9 smh 1 tao (6), eaten (Oh ei oa come OA) pony” tape ee | ie, on 
S | 
s 
5 wz-Worws 820 : HE voz 992 OR LLw gozz 692 f 
mt poo ELI>D te A an | “<4 é 
po £ N i 
= a 4 N Fy ° £ 
oon i R S 5 m “ 
oa  & is) 
m 4) uw ae g 
i Mo 00 26a & | “ 0 
u e A Ji] 2 ms iy a 8 nw TR y 2 
% © €0r> aXe ON) 110 muataua 
yea? a | “af ole] =] as] eyg 
< vor? rc# ba a 
© A #CO"O 0L| — 
Re ig? mn ee000 LR ages As | | % . 
u — SO/> | BS L2 yi 5 
| i Sd < | N 3 etd 5 
‘e | | al mt § {le 
LP 40r2 | oy g ¥|& 
S abe EL? | | ee 
9 Pa Oo 
AS < Q | ‘ x e 
Le g0/> 2 v 5 ES 
4 Fs g 
sossv ie HE os sL2 | 8 o E 
| ror ¢ FM7 LIT 4 = tc 
2 ££ O71> = dou 192 | '0GC LL? | 3 
a ¥ 1000 %2 Fs 4 Cc 
4 = | 3 | =. 
” Wor Psa entic ss — aman a =n am lOOOO00000|—=—_—— fc 
‘ 7a? $ | orvnenne | C 
fe Ooze 
O22 Era : | z gze 3 5 
ace oe 2 XN jew? a —) a jon 
54 | x 027 [red 
Sirs. g i ee | = 
~ N rn 1MA7 (27 /Ba 
3 Cc} L000 © a oo 2aw | (pasa: 3 6 < 
o> & Ecss! 2a 5/ 68? : = t Cc 
w o = | ed | 4 si 
De ee ike vor 682 M1991 L | a JL ED BY | Y 
whee ae £0000 64> | | | | ax 1 erly oe a re) s 
= | + | = N | = | 
: Baas c | 3 S Cc 
. —_— omen pent BS /CeL2 | ° = - 
oi Si. eS d2 oD Sone? fries 1000 G42 | } c | ' = 
a - G | 1 Lo 
: pea Siz ee ateles ! Po WIS Lee} | | | ig 92 | 
= = | uy ¥ | _ fe 
as Nt 9 00! S64 | | $ > 
6€0°0 GD 2 ial . | 
w ! ; : 
ee | <a Yor 08 mF % 5 | | 
=¥ | | 7S 49000 £212 S | 
Mi y 
< | er; mH s0L7 oF? |x | | 
SO : pope t <a e 
a i z . 
. Azz? bia) ' N Z | 
; 1 | oO 
} 0° | | yz 
a 
} xe | bye me | i= 
5 | 5 =e | 
' =e | wey D 
~3 : i ——= a> | 
! v- = 5 | A “3 zo 
| 9 EE O24 | | cig lees ey Rss 
j 9° i tia rc al 
= 2 yor 12M : 9 | jX a Sere a | | ‘ 
2 i] H > 2 1 | ja 19 = | 7090 06> 
©. | { 4 < a 
f | be ° 9 lye v | 
| | v t i | 2 lee | 
‘ | | a & H < ~ ° 
. Sea he See g00Z ep? | 4 ; He L2000 12> | Io 
He scorn er | ' = : | 
Ssss/ €G EE ope! Ss FH evoon sz/> | 
= re 
er += 00 Lod é Lo eee | 3 
lve 1Ly Beer 5 : | v Zoe 
is aa a j L000 | a = 
He QHE& gor 909: 7 CS Ler> | an 5 
| Lrco0 SPD t Ze ate ~ : 
o ot fen SSE LI IK ae Eee PYat Fie H VOOr Sba | | a 2 ae rg) eS Re 
z H ae feta = 
SF Sk ath: e257 167 | a S 
= : Sa oe? cE? | = 
° | | a8 5 cer poe CY | | Le ecw 79 292 ‘ woe S92 
if s2>| | Us Crary o? DEI | 
<oeer TED 
Se eel aye So ay Ss Gen is og ee) Sg a a er ee (a Sm hae Se es ae em Oreos an | = 
4 bs L7000 
= = —s 
© ~ | ved 
u1 — 
= esi | | | Lrov0 st? 
| { 
5 ca | 2 | -—s 
| 4 | z o&& 98D 
2 ' | oe) o = | 
oe esss1 0z@ «602K 2a | by go ee/> | +4 #22 LED | S = 
z FS ' ieee ba rron 44s? i - | m= ———a #! x 
é im — Or ae>| | ' N | | ta: a oe | * N | 
3 ze es | a ee | | g a OLe pDY Leco0 os> 5 
iS aN LP000 67> t > | vst ~ far xye7 | 
rt | edie H&L P000 17 aor = ey a Lee 
n ~ 9 y 3 
~ re) | ' = uv x 3 
5) = 0 oce 
= Laas) | atest | Pla Cor Epax aS seu | 
1 ies? Ol Foe | ” ce | 
aes Lae : ¢ 
“roo S N 
| ae/> a rakes = a 
a | | rs 080 a | Sow 8 aie | 
cee ey sit j opi} | =) aee-==--- : feetr| Fete le 8 
22000 se> esss: Eza}. | | a . | ee 3 + | 
| t Fite u | | fo 3 A ge oo> 
z ” ' | xs ) uv co a 
asre /sa esss! acca) | | = Lenk | : a) 5 4 | 
esssi: pea | ik To: dol ~ wey Ole | | = a x 
aie 1 1% 3 ~ 
ow? sa : 2} | i | : G4) Tate Seen ere | 24 | | 
301 96x xo \vew Esss! cza &. ~ + e001 vo1> 1 | 4 2 
N | ~ 22 EO | ‘ x | 
yx 401 Qu 10:0 BED a > & > 
bale) Eeias 3 anuisoe'9t G | : A 
ex 100°0 a | * 5) 
5 pees 2 xZ2B wore ! xx a osas7 
my | O96 eres ESSS/ 929 ezdksz 8G 3m | Nz rm 
x01 LB 0 | - 90rd Lm mast | = 
iva ie oa at 
[our vero Ole 9 Wwe sor oot ae ee 92 | ex Ss Ss 
He 9500 07>? ; f-BLr000ce> | ° 
yee Lard borane x28 608 | z 
te 3 SIST IPT | 2 
yoss 77a coo X /— L700 on/> | 
a re 
° EP AY woze orm | Peon 
2 a 2 wos ostet x —ea 
a 8 3 § 
N > 9 1-0 ep? HE aie | x 
g 9 POM Beaee eve | 4 R 
o . Se REECE ~ g 
g cee ost> 38 by 
& 
vy 


Mi ‘ o 
s a Beare ‘ kB 4Z00'0 15/2 l 8 
a2 ga| sess: 6a | . 
2 88 end N 10°O 2612 | x me 
. x Js Sie 2 | wor 2D 
o “ [oue ope (SA) x1 59m | 
S 2 | wee 99m | 
4 g = +8 S00 DS/> _—_— 
N _* 100° | 
aN ; e572 
2 o | US pee 79 F3 | 
g 3 9 he NLe /Zret | | 
4 
a fo Kd . 
W BP. 
ol fd pao Biplg fons Sie 
g 
a tts 
MLE ot LE ozace La ao | 
: as/>| 
3 o | Lou 
NE | : 
: $28 | he 
2 | N22 P2M, 5 ery 58 | = eA 
a - d = 
vie S00 %! Serer 8 | 1000 O62 45) inc urces 
= 65/2 a | > — KE 64> 
<= x 1a | eu2 euslewee 
= 2 4 | /00'0 0O@D*/42 zu? au KE wd 
& | | 1h? re %> 
er ss? ova 
a Lf ; . Ey 
——— eee ee Se a ee ee ee nn a Le aa QOQOO| —— —— we mee ae cee oe 
0 » Qo NIN S 
Rue ekeke O N OO00000 
q 31s > 
i 38 ; al aa 
ese 


yu Ff YF ge yt yw - 


con 


10*8 
2Fe 10KA 
ag R32 42K 


pees se TY 
Bass 
O 
= ’ 
mir 
OO0O0 
z34 
Fis 
B90 
200 
200 
400 


MIC 
METER 
SQL 
VOL 
POW 
RX 
™ 


SCHEMATIC DIAGRAM 
ge 
fi 
ail 


wet 


